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INTRODUCTION 

This Quality Assurance Project Plan (QAPP) provides a description of quality assurance (QA) and 

quality control (QC) procedures for executing a vapor intrusion investigation at Operable Unit – 1 (OU-1) 

at the former Schilling Air Force Base (AFB) Site, located in Salina, Kansas.  The Site is located to the 

southwest of the city of Salina and is shown on Figure 1-1 in the Draft Final Work Plan/Sampling and 

Analysis Plan for Vapor Intrusion Investigation, Former Schilling Air Force Base, CERCLA Process 

Support ([WP/SAP] BMcD, 2006b).   

The purpose of the QAPP is to establish the policies, organization, objectives, functional activities, and 

specific QA and QC activities for managing the project.  This QAPP is intended to be used in conjunction 

with the WP/SAP, and these documents are bound together in the same notebook for ease of the reader.  

The scope and format of the QAPP was developed from the Intergovernmental Data Quality Task Force 

(IDQTF) protocols outlined in Uniform Federal Policy for Quality Assurance Project Plans, Parts 1, 2a, 

and 2b ([UFP-QAPP] IDQTF, 2005). 

Malcolm Pirnie, Inc. (MP) has a contract with the United States Army Corps of Engineers (USACE) – 

Kansas City District (CENWK) to provide Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) support services at the former Schilling AFB Site.  MP has subcontracted Burns 

& McDonnell Engineering Company, Inc. (BMcD) to prepare work plan documents, execute the 

fieldwork, provide daily quality control reports (DQCRs) and monthly reports, and perform data 

validation and reporting.  Development of the QAPP, as well as laboratory contracting for both the 

primary and QA laboratories, will be provided by BMcD.  The USACE-CENWK will be responsible for 

performing data analysis and interpretation. 

SITE HISTORY AND DESCRIPTION 
The Smoky Hill Army Air Base was built in 1942.  The base name was changed to the Smoky Hill AFB 

in 1946 and to Schilling AFB in 1957.  In 1942, the base encompassed 365 acres and house 5,000 military 

personnel.  By 1967, the base had expanded to 4,000 acres. 

In 1942, the base served as headquarters for the newly created Army Air Corps Unit, 20th Bomber 

Command, and became the first operational training base for B-29 bombers.  The base remained a bomber 

base for five years after World War II ended and was deactivated in 1949. 

In 1951, the base was reopened for the Korean War.  Upon reactivation, several improvements to the 

facility were made, including a 25-mile long jet fuel pipeline that terminated at a bulk fuel tank farm on 
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the base.  Additional improvements were made after the Strategic Air Command took over operational 

control of the base.  These included construction of a training building, a boiler facility, a gas distribution 

system, and a bulk oil storage system.  The base was designated a permanent Air Force installation in July 

1953. B-47 bombers were operated from the facility. 

In 1960, the bombardment wing was transferred to Forbes Air Force Base at Topeka.  A squadron of 

Atlas F intercontinental ballistic missiles (ICBMs) and Nike surface-to-air missiles was deployed to 

twelve sites around the Schilling AFB and attached to the Schilling AFB for support.  New facilities were 

constructed for storage and repair of both conventional and nuclear munitions and nuclear warhead 

maintenance.  The Schilling AFB was also upgraded to receive B-52 bombers and KC-135 tankers. 

The closure of Schilling AFB was announced in 1964 and the site was transferred to the Salina Airport 

Authority (SAA) in 1966.  SAA has since used much of the property in operating the airfield, renamed the 

Salina Municipal Airport.  The remainder of the former Schilling AFB is currently used for light-to-heavy 

industrial, aviation, and educational purposes.  Many of these entities either lease property from the SAA 

or have purchased their properties outright.   Major landowners/operators at the former Schilling AFB 

include the Kansas State University at Salina, the Salina Area Vocational Technical School, and Kansas 

National Guard.  Local industries include but are not limited to Tony’s Pizza, Schwan’s Sales Enterprises, 

Raytheon (Beechcraft), Flower Aviation, and Moore’s Midway Aviation. 

More detailed information on the history of the former Schilling AFB Site can be found in the September 

2005  Final Remedial Investigation for Operable Unit One at the Former Schilling Air Force Base, 

Salina, Kansas (USACE-CENWK, 2005). 

INVESTIGATION HISTORY 
The USACE–CENWK, the U.S. Environmental Protection Agency (USEPA) Region VII, and the Kansas 

Department of Health and Environment (KDHE) have conducted several environmental investigations at 

the former Schilling AFB.  In 1993, CENWK tasked RUST Environmental and Infrastructure to conduct 

a Site Investigation (SI) in order to locate potential contamination in Areas of Suspected Contamination.  

CENWK personnel conducted an SI in 1996 to investigate newly identified Areas of Interest (AOIs) and 

to obtain additional information on selected areas identified by the RUST SI.  If areas identified by the 

CENWK SI required additional investigation, they were included in the Remedial Investigation (RI) 

performed by BMcD.  In 2000, the USEPA conducted an Expanded Site Investigation (ESI) that focused 

on groundwater and potential sources of contamination.  Three phases of a Supplemental RI were 

conducted by CENWK and URS Group in 1999, 2003, and 2004.  The Supplemental RI was conducted to 
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acquire data to address issues remaining from previous investigations.  The indoor air at the Kansas State 

University Salina School of Technology has been the subject of two investigations.  USEPA and KDHE 

sampled indoor air to determine if contaminants in the soil were migrating into the buildings by way of 

vapor intrusion. 

Past investigations have revealed the presence of volatile organic compounds (VOCs) in groundwater.  

The primary constituents of interest at the former Schilling AFB Site are trichloroethene (TCE) and its 

associated degradation products, cis-1,2-dichloroethene (cis-1,2-DCE) and vinyl chloride, as well as 

carbon tetrachloride.   

More detailed information on the investigation history of the former Schilling AFB Site can be found in 

the Final Remedial Investigation for Operable Unit One at the Former Schilling Air Force Base, Salina, 

Kansas (USACE-CENWK, 2005). 

PURPOSE 
The purpose of this vapor intrusion investigation is to assess the potential for human exposure associated 

with the vapor intrusion pathway for most buildings in OU-1 that are located within the 100 microgram 

per liter (μg/L) total chlorinated solvents groundwater plume as defined in the September 2005 Final 

Remedial Investigation for Operable Unit One at the Former Schilling Air Force Base, Salina, Kansas 

(USACE-CENWK, 2005).  The portions of OU-1 containing the 100 μg/L total chlorinated solvents 

groundwater plume are identified on Figure 1-2 of the WP/SAP.  This study likely constitutes the 

beginning of vapor intrusion studies at the former Schilling AFB.  The 100 μg/L total chlorinated solvents 

groundwater plume was selected as the initial study area due to high chemical concentrations in 

groundwater rendering indoor air contamination more likely to be detected. 

ORGANIZATION OF QAPP ELEMENTS 
This QAPP has been prepared by BMcD as part of the project planning documents for a vapor intrusion 

investigation of OU-1.  The QAPP is organized as follow: 

Main Body of QAPP: 

• Introduction 

• UFP-QAPP Format Worksheets and Supporting Documentation 

• References 
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Appendices to QAPP: 

• Appendix A – Columbia Analytical Services, Inc. Quality Assurance Manual ([QAM] Columbia, 

2006) 

• Appendix B – Severn Trent Laboratories, Inc. Quality Management Plan ([QMP] STL, 2003) 

• Appendix C - Compendium Method TO-15, Determination of Volatile Organic Compounds 

(VOCs) in Air Collected in Specially-Prepared Canisters And Analyzed by Gas 

Chromatography/Mass Spectroscopy (GC/MS) (USEPA, 1999) 

• Appendix D – Model 580B Organic Vapor Meter (OVM)/Datalogger Instruction Manual 

• Appendix E – Kansas City District Data Quality Evaluation Guidance (USACE-CENWK, 2006) 

In addition, the QAPP references information that is presented in other project documents that is not 

repeated here to avoid unnecessary duplication.  These documents include: 

• Final Quality Control Plan, Former Schilling Air Force Base, CERCLA Process Support (BMcD, 

2006a) 

• Final Work Plan/Sampling and Analysis Plan for Vapor Intrusion Investigation, Former Schilling 

Air Force Base, CERCLA Process Support (BMcD, 2006b) 

• Final Accident Prevention Plan / Site Safety and Health Plan for Vapor Intrusion Investigation, 

Former Schilling Air Force Base, CERCLA Process Support (BMcD, 2006c) 

* * * * * * 
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QAPP Worksheet #2 
(UFP-QAPP Manual Section 2.2.4) 

QAPP Identifying Information 
 
Site Name:  Former Schilling Air Force Base, Salina, Kansas 
Project Name:  Vapor Intrusion Investigation 
Site Number/Code:  FUDS ID# B07KSO256-03       
Operable Unit:  Operable Unit One (OU-1)       
Contractor Name:  MP and BMcD  
Contract Number:  W912DQ-06-D-0006  
Contract Title:  Former Schilling Air Force Base CERCLA Process Support  
Work Assignment Number:  Task 2 

1. Identify guidance used to prepare QAPP: Uniform Federal Policy for Quality Assurance Project 
Plans, Parts 1, 2a, and 2b, Final, Version 1, March 2005 (IDQTF, 2005) 

2. Identify regulatory program: Formerly Used Defense Sites (FUDS) that is using the CERCLA 
Process as a framework for work being performed 

3. Identify approval entity: USACE-CENWK 

4. The QAPP is (select one):  Generic  Project Specific  

5. List data of scoping sessions that were held: April 13, 2006, April 20, 2006, May 11, 2006, and 
May 16, 2006 

6. List dates and titles of QAPP documents written for previous site work, if applicable: 

 Title         Approval Date  
None applicable to the vapor intrusion project   
   
   

   
 

7. List organizational partners (stakeholders) and connection with lead organization: 
KDHE – Review and Concurrence 
USEPA, Region 7 – Review and Concurrence 

8. List data users: USACE-CENWK, MP, BMcD, KDHE, USEPA-Region 7, and SAA 
  
9. If any required QAPP elements and required information are not applicable to the project, 

then circle the omitted QAPP elements and required information on the attached table.  
Provide an explanation for their exclusion below: 

• Section 5.3 – Streamlining Data Review is not applicable.  No streamlining of the data review 
process is being performed. 
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QAPP Worksheet #2 
 QAPP Identifying Information 

(continued) 
 

Circle QAPP elements and required information that are not applicable to the project.  Provide an 
explanation in the QAPP. 

 
Referenced documents include: 
WP/SAP = Final Work Plan/Sampling and Analysis Plan for Vapor Intrusion Investigation, Former 
Schilling Air Force Base, CERCLA Process Support, Salina, Kansas (BMcD, 2006b) 
 
QCP = Final Quality Control Plan, Former Schilling Air Force Base, CERCLA Process Support, 
Salina, Kansas (BMcD, 2006a) 

 
Required QAPP Element(s) and 

Corresponding QAPP 
Section(s) 

Crosswalk to 
Referenced 
Documents 

QAPP 
Worksheet # 

or Page # 
Required Information 

Project Management and Objectives 

2.1 Title and Approval Page  #1 - Title and Approval Page 

2.2 Document Format and Table 
of Contents 
2.2.1 Document Control 

Format 
2.2.2 Document Control 

Numbering System 
2.2.3 Table of Contents 
2.2.3 QAPP Identifying 

Information 

 

TC-1 to TC-5 
#2 

 
#3 

 

- Table of Contents 
- QAPP Identifying 

Information 
- Document Control 

Numbering 
 

2.3 Distribution List and Project 
Personnel Sign-Off Sheet 
2.3.1 Distribution List 
2.3.2 Project Personnel Sign-

Off Sheet 

 

#3 
#4-1 to 4-5 

- Distribution List 
- Project Personnel Sign-Off 

Sheet 

2.4 Project Organization 
2.4.1 Project Organizational 

Chart 
2.4.2 Communication 

Pathways 
2.4.3 Personnel 

Responsibilities and 
Qualifications 

2.4.4 Special Training 
Requirements and 
Certification 

See also QCP 
Section 2.0 

#5 
#6 
#7 

 
#8 

 
 

- Project Organizational Chart 
- Communication Pathways 
- Personnel Responsibilities 

and Qualifications Table 
- Special Personnel Training 

Requirements Table 

2.5 Project Planning/Problem 
Definition 
2.5.1 Project Planning 

(Scoping) 
2.5.2 Problem Definition, Site 

History, and Background 

WP/SAP 
Section 1.0 
and 3.1.  Site 
maps include 
WP/SAP 
Figures 1-1 
and 1-2 

#9-1 to 9-5 
 
 
 
 

#10 
 

- Project Planning Session 
Documentation (including 
Data Needs tables) 

- Project Scoping Session 
Participants Sheet 

- Problem Definition, Site 
History, and Background 
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Required QAPP Element(s) and 
Corresponding QAPP 

Section(s) 

Crosswalk to 
Referenced 
Documents 

QAPP 
Worksheet # 

or Page # 
Required Information 

  - Site Maps (historical and 
present) 

2.6 Project Quality Objectives and 
Measurement Performance 
Criteria 
2.6.1 Development of Project 

Quality Objectives Using 
the Systematic Planning 
Process 

2.6.2 Measurement 
Performance Criteria 

WP/SAP 
Sections 2.0 
and 3.0, also 
WP/SAP 
Appendix B 

#11 
 

#12-1 and 12-2 

- Site-Specific PQOs 

- Measurement Performance 
Criteria Table 

2.7 Secondary Data Evaluation 

 

#13 - Sources of Secondary Data 
and Information 

- Secondary Data Criteria and 
Limitations Table  

2.8 Project Overview and 
Schedule 
2.8.1 Project Overview 
2.8.2 Project Schedule 

WP/SAP 
Section 2.0 
and 3.0 

#14 
#15 

 
#16 

- Summary of Project Tasks 
- Reference Limits and 

Evaluation Table 
- Project Schedule/Timeline 

Table 

Measurement/Data Acquisition 

3.1 Sampling Tasks 
3.1.1 Sampling Process 

Design and Rationale 
3.1.2 Sampling Procedures 

and Requirements 
3.1.2.1 Sampling 

Collection 
Procedures 

3.1.2.2 Sample 
Containers, 
Volume, and 
Preservation 

3.1.2.3 Equipment/ 
Sample 
Containers 
Cleaning and 
Decontamination 
Procedures 

3.1.2.4 Field Equipment 
Calibration, 
Maintenance, 
Testing, and 
Inspection 
Procedures 

3.1.2.5 Supply 
Inspection and 
Acceptance 
Procedures 

WP/SAP 
Section 3.0 
and 
associated 
tables, figures, 
and 
appendices. 
 
See also 
QAPP 
Appendix D 

#17 
 
 

#18 
 
 

#19 
 

#20 
 
 

#21 
 

#22 
 
 

- Sampling Design and 
Rationale 

- Sample Location Map 
- Sampling Locations and 

Methods/ SOP 
Requirements Table 

- Analytical Methods/SOP 
Requirements Table 

- Field Quality Control 
Sample Summary Table 

- Sampling SOPs 
- Project Sampling SOP 

References Table 
- Field Equipment Calibration, 

Maintenance, Testing, and 
Inspection Table 
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Required QAPP Element(s) and 
Corresponding QAPP 

Section(s) 

Crosswalk to 
Referenced 
Documents 

QAPP 
Worksheet # 

or Page # 
Required Information 

3.1.2.6 Field 
Documentation 
Procedures 

3.2 Analytical Tasks 
3.2.1 Analytical SOPs 
3.2.2 Analytical Instrument 

Calibration Procedures 
3.2.3 Analytical Instrument 

and Equipment 
Maintenance, Testing, 
and Inspection 
Procedures 

3.2.4 Analytical Supply 
Inspection and 
Acceptance Procedures 

 

See also 
QAPP 
Appendix A for 
Columbia 
Analytical 
Quality 
Assurance 
Manual and 
QAPP 
Appendix B for 
STL 
Burlington 
Quality 
Management 
Plan 
QAPP 
Appendix C 
for Method 
TO-15 

#23 
 

#24 
 

#25 

- Analytical SOPs 
- Analytical SOP References 

Table 
- Analytical Instrument 

Calibration Table 
- Analytical Instrument and 

Equipment Maintenance, 
Testing, and Inspection 
Table 

3.3 Sample Collection 
Documentation, Handling, 
Tracking, and Custody 
Procedures 
3.3.1 Sample Collection 

Documentation 
3.3.2 Sample Handling and 

Tracking System 
3.3.3 Sample Custody 

WP/SAP 
Sections 3.5, 
3.6, and 3.7.  
See also 
WP/SAP 
Appendix A for 
field forms 

#26 
 

#27 

- Sample Handling Flow 
Diagram  

- Sample Collection 
Documentation Handling, 
Tracking, and Custody 
SOPs 

- Sample Container 
Identification 

- Example Chain-of-Custody 
Form and Seal 

3.4 Quality Control Samples 
3.4.1 Sampling Quality 

Control Samples 
3.4.2 Analytical Quality 

Control Samples 

 #28-1 to 28-2 - QC Samples Table 
- Screening/Confirmatory 

Analysis Decision Tree 

3.5 Data Management Tasks 
3.5.1 Project Documentation 

and Records 
3.5.2 Data Package 

Deliverables 
3.5.3 Data Reporting Formats 
3.5.4 Data Handling and 

Management 
3.5.5 Data Tracking and 

Control 

WP/SAP 
Sections 2.2, 
3.5, and 3.7 
 
QCP Section 
5.0 

#29 
 

#30 

- Project Documents and 
Records Table 

- Analytical Services Table 
- Data Management SOPs 
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Required QAPP Element(s) and 
Corresponding QAPP 

Section(s) 

Crosswalk to 
Referenced 
Documents 

QAPP 
Worksheet # 

or Page # 
Required Information 

Assessment/Oversight 
4.1 Assessments and Response 

Actions 
4.1.1 Planned Assessments 
4.1.2 Assessment Findings 

and Corrective Action 
Responses 

 

 
 

#31 
 
 

#32 

- Assessments and Response 
Actions 

- Planned Project 
Assessments Table 

- Audit Checklists 
- Assessment Findings and 

Corrective Action 
Responses Table 

 
4.2 QA Management Reports WP/SAP 

Section 2.2 
#33 - QA Management Reports 

Table 

4.3 Final Project Report WP/SAP 
Section 2.2.4 

  

Data Review 

5.1 Overview    

5.2 Data Review Steps 
5.2.1 Step I: Verification 
5.2.2 Step II: Validation 

5.2.2.1 Step IIa 
Validation 
Activities 

5.2.2.2 Step IIb 
Validation 
Activities 

5.2.3 Step III: Usability 
Assessment 
5.2.3.1 Data Limitations 

and Actions from   
Usability 
Assessment 

5.2.3.2 Activities 

See also 
QAPP 
Appendix E 

#34 
 

#35 
 

#36 
 

#37 

- Verification (Step I) Process 
Table 

- Validation (Steps IIa and IIb) 
Process Table 

- Validation (Steps IIa and IIb) 
Summary Table 

- Usability Assessment 

5.3 Streamlining Data Review 
5.3.1 Data Review Steps To 

Be Streamlined 
5.3.2 Criteria for Streamlining 

Data Review 
5.3.3 Amounts and Types of 

Data Appropriate for 
Streamlining 

Not applicable Not Applicable Not applicable.  No 
streamlining of the data review 
process is being performed. 

SOP = Standard Operating Procedure 

* * * * * 
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QAPP Worksheet #3 
(UFP-QAPP Manual Section 2.3.1) 

Distribution List 
 

The distribution list for controlled copies of the QAPP is maintained by and updated by BMcD as the QAPP preparation organization.  Controlled copies of 

the QAPP are assigned to personnel within each project organization.  Recipients of controlled copies are provided with all revisions to the QAPP and are 

responsible for removing all outdated materials from circulation within their organization.  Personnel responsible for controlled copies of the document are 

responsible for distributing QAPP updates and revisions to personnel within their organization. Project team members will have access to controlled copies of 

the document through the project managers listed here.  Personnel with access to the QAPP include, but are not limited to:  Project Engineer, Project 

Technical Leads, Project Chemist, QA Officer, QC Coordinator, Field Site Manager (FSM), field team members, and laboratory staff. 

QAPP 
Recipients Title Organization Telephone 

Number Fax Number E-mail Address Document Control 
Number 

Tracy Cooley Project Manager BMcD 816-822-3369 816-822-3494 tcooley@burnsmcd.com OU1-VI-QAPP-001 

John Logigian Project Manager MP 914-641-2690 914-641-2455 jlogigian@pirnie.com OU1-VI-QAPP-002 

Robyn Kiefer Project Manager USACE-CENWK 816-389-3615 816-426-5550 robyn.v.kiefer@usace.army.mil OU1-VI-QAPP-003 

Leo Henning Project Manager KDHE 785-296-1914 785-296-4823 LHenning@kdhe.state.ks.us OU1-VI-QAPP-004 

Ken Rapplean Project Manager USEPA 913-551-7769 913-551-7063 rapplean.kenneth@epa.gov OU1-VI-QAPP-005 

Michael Tuday Project Manager Columbia 805-526-7161 805-526-7270 MTuday@simi.caslab.com OU1-VI-QAPP-006 

Don Dawicki Project Manager STL Burlington 802-655-1203 802-655-1248 DDawicki@stl-inc.com OU1-VI-QAPP-007 

       

       

       

 

* * * * * 
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QAPP Worksheet #4 
(UFP-QAPP Manual Section 2.3.2) 
Project Personnel Sign-Off Sheet 

 
Worksheet #4-1 USACE-CENWK 

Key project personnel from each organization should sign copies of this form to indicate that they have read the applicable QAPP sections and will perform 

the tasks as described.  Each organization will forward signed sheets to BMcD for inclusion in the project file. 

Project Personnel Title Telephone Number Signature 
Date QAPP Read 

Email Receipt 

Robyn Kiefer Project Manager 816-389-3615   

Kirk Boese Project Engineer 816-389-3558   

Vanessa Bauders Project Technical Lead 816-389-3567   

Amy Darpinian Project Chemist 816-389-3897   
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Worksheet #4-2 MP 

Key project personnel from each organization should sign copies of this form to indicate that they have read the applicable QAPP sections and will perform 

the tasks as described.  Each organization will forward signed sheets to BMcD for inclusion in the project file. 

Project Personnel Title Telephone Number Signature 
Date QAPP Read 

Email Receipt 

John Logigian Project Manager 914-641-2690   
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Worksheet #4-3 BMcD 

Key project personnel from each organization should sign copies of this form to indicate that they have read the applicable QAPP sections and will perform 

the tasks as described.  Each organization will forward signed sheets to BMcD for inclusion in the project file. 

Project Personnel Title Telephone Number Signature 
Date QAPP Read 

Email Receipt 

Tracy Cooley Project Manager 816-822-3369   

Diana Marquez Project Technical Lead 816-822-3453   

Sharon Shelton Project Chemist 816-822-3168   

Ed Lindgren QC Coordinator 816-822-3595   

Colm Chomicky Project QA Officer 816-822-3889   

To Be Assigned Field Team Members  

When assigned, project team 
members will be required to 

sign that they have read 
applicable sections of the 

QAPP. 

Project team members must 
read applicable sections of 

the QAPP prior to 
participating in the project. 
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Worksheet #4-4 Columbia 

Key project personnel from each organization should sign copies of this form to indicate that they have read the applicable QAPP sections and will perform 

the tasks as described.  Each organization will forward signed sheets to BMcD for inclusion in the project file. 

Project Personnel Title Telephone Number Signature 
Date QAPP Read 

Email Receipt 

Michael Tuday Project Manager 805-526-7161   
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Worksheet #4-5 STL Burlington 

Key project personnel from each organization should sign copies of this form to indicate that they have read the applicable QAPP sections and will perform 

the tasks as described.  Each organization will forward signed sheets to BMcD for inclusion in the project file. 

Project Personnel Title Telephone Number Signature 
Date QAPP Read 

Email Receipt 

Don Dawicki Project Manager 802-655-1203   

     

     

     

 

* * * * * 
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QAPP Worksheet #5 
(UFP-QAPP Manual Section 2.4.1) 

Project Organizational Chart 
 

A project organizational chart is presented on Figure 5-1.  The Final Quality Control Plan, Former 

Schilling Air Force Base, CERCLA Process Support (BMcD, 2006a) further defines the QC teams, roles, 

and responsibilities within BMcD and MP. 

U.S. ARMY CORPS OF ENGINEERS 
The USACE-CENWK serves as the lead organization for the project.  Ms. Robyn Kiefer is the USACE-

CENWK Project Manager for the project and will serve as the primary point of contact for all project-

related questions. Ms. Kiefer will also serve as the point of contact with regulatory entities and members 

of the general public on matters regarding the project. 

MALCOLM PIRNIE, INC. 
MP has overall responsibility for the project to the USACE-CENWK.  MP will act as the program 

administrator and provide independent QC of all submittals.  Mr. John Logigian is the MP Project 

Manager for the vapor intrusion investigation. 

BURNS & MCDONNELL ENGINEERING COMPANY, INC. 
Mr. Tracy Cooley will serve as the BMcD Project Manager.  Mr. Cooley will be responsible for complete 

coordination of the work, including adequate internal controls and review procedures to eliminate 

conflicts, errors, and to verify technical accuracy.  In addition, Mr. Cooley is responsible for overseeing 

activities involving sampling and performance of audits. 

Ms. Diana Marquez will serve at the Technical Lead for the project.  She has expertise in vapor intrusion 

investigations and collection of soil vapor and indoor air samples.  Ms. Marquez will provide BMcD team 

members technical guidance during project implementation. 

Mr. Ed Lindgren will serve as the QC Coordinator for activities conducted by BMcD.  Mr. Lindgren will 

be responsible for day-to-day project oversight and QC related to project activities. 

Ms. Sharon Shelton will serve as the Project Chemist for BMcD.  In this role, she will act as both the 

QAPP preparer and data validator.  The Project Chemist will also oversee activities involving laboratory 

analyses and data validation.  
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A BMcD FSM and the Site Safety and Health Supervisor (SSHS) who is experienced in vapor intrusion 

sampling will be designated for each sampling event.  The FSM/SSHS will supervise the field activities 

relevant to this project and will have direct responsibility for site-specific activities and decisions 

regarding the immediate safety of investigation personnel.  The FSM/SSHS will report to the BMcD 

Project Manager and the BMcD Safety and Health Officer. 

Mr. Eric Wenger, Industrial Hygienist, will serve as the BMcD Safety and Health Officer for this project 

and will have ultimate responsibility for the health and safety of field personnel. 

PRIMARY ANALYTICAL LABORATORY 
Columbia Analytical Services, Inc. (Columbia) is the contract laboratory for the analysis of sub-slab soil 

vapor and indoor air samples for the project.  In addition to providing sample analysis, Columbia will also 

provide sampling canisters, flow regulators/particulate filters, and vacuum gauges that are needed for 

sample collection.  Columbia will be contracted by BMcD.  The address for Columbia is listed below. 

Columbia Analytical Services, Inc. 
2665 Park Center Drive, Ste. D  
Simi Valley, California 93065  
Phone: (805) 526-7161  
Point of Contact (POC):  Michael Tuday 

As indicated in the USACE-CENWK Scope of Work, the analytical laboratories performing sample 

analysis are required to be certified by the National Environmental Laboratory Accreditation Program 

(NELAP) and accredited by the American Industrial Hygiene Association (AIHA).  In addition, it is 

preferable to submit samples to laboratories that also have declared compliance with the most recent 

update to the Department of Defense (DoD) Quality Systems Manual (QSM) Final Version 3 (DoD, 

2006).  Columbia, the primary analysis laboratory, has indicated their intention to make such a declaration 

prior to the onset of field sampling activities.  Following this declaration, an assessment will be made by 

USACE that the laboratory’s self-declaration is accurate, and an assessment report will be filed with the 

USACE Center for Expertise (CX) and DoD LabWatch database.  In the event that Columbia is unable to 

declare compliance with the DoD QSM, Columbia’s QAM and SOPs will be assessed to ensure adequate 

capability, capacity, and performance to meet project quality objects (PQOs).  Columbia’s organizational 

structure and responsibilities, including an organizational chart, are described in the laboratory’s QAM 

(See Appendix A). 
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QUALITY ASSURANCE LABORATORY 
Severn Trent Laboratories of Burlington, Vermont (STL Burlington) is the QA laboratory for the project.  

STL Burlington will provide analysis of QA split samples for comparison with samples analyzed by 

Columbia.  In addition to providing sample analysis, STL Burlington will also provide sampling canisters, 

flow regulators/particulate filters, and vacuum gauges that are needed for sample collection.   The 

methodology and equipment provided by the QA laboratory will be functionally equivalent to that of 

Columbia (same canister volume, same analytical method, etc.).  STL Burlington will be contracted by 

BMcD.  The address for STL Burlington is listed below. 

STL Burlington 
208 South Park Drive, Suite 1  
Colchester, Vermont 05446  
Phone: (802) 655-1203  
POC:  Don Dawicki 

The minimum certification requirement for the QA laboratory is NELAP.  Efforts were made to obtain 

services from a laboratory that was also accredited by the AIHA and compliant with the DoD QSM.  STL 

Burlington is currently operating under USACE Hazardous, Toxic, and Radioactive Waste (HTRW) 

validation that expires in September 2006.  USACE policy allows laboratories to be grandfathered as 

meeting the DoD QSM requirement until such time as their USACE HTRW validation expires (USACE, 

2004).  When STL-Burlington’s USACE HTRW validation expires, the laboratory intends to finalize self-

declaration as compliant with the DoD QSM.  Following this declaration, an assessment will be made by 

USACE that the laboratory’s self-declaration is accurate, and an assessment report will be filed with the 

USACE CX and DoD LabWatch database.  In the event that STL Burlington is unable to declare 

compliance with the DoD QSM, STL Burlington’s Quality Manual and SOPs will be assessed to ensure 

adequate capability, capacity, and performance to meet PQOs.  STL’s organizational structure and 

responsibilities, including an organizational chart, are described in the QMP (See Appendix B). 

REGULATORY ORGANIZATIONS 
The KDHE and USEPA will provide regulatory review of project documents, and USACE-CENWK will 

seek concurrence from KDHE and USEPA regarding project activities.  Mr. Leo Henning will serve as 

the KDHE Project Manager.  Mr. Ken Rapplean will serve as the USEPA Region 7 Project Manager. 

* * * * * 
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QAPP Worksheet #6 
(UFP-QAPP Manual Section 2.4.2) 

Communication Pathways 
 

Communication between project team members is important for a successful project.  Project communication pathways and procedures for the timing, and 

modes of communication are outlined in the following text and table.  BMcD and MP personnel will communicate primarily with the USACE-CENWK 

Project Manager.   Communication with other government entities (USEPA, KDHE, SAA, etc.) will be coordinated by USACE-CENWK.  Questions from 

the general public regarding project activities will be directed to the USACE-CENWK Project Manager. 

If, during the course of field activities, it becomes necessary to vary approved work plans, verbal approval from the USACE-CENWK Project Manager will 

be required.  The verbal approval shall be documented by the project team and should be followed by a written approval from the USACE-CENWK.  The 

approval prepared by the project team shall evaluate schedule, cost, and quality impacts, and will include justification and rationale for the proposed 

variances.  Minor variances (i.e., changing the order of planned sample collection activities, minor adjustment of the sampling locations within buildings, 

minor adjustment of procedures which are not expected to impact data quality, etc.) can be implemented in the field prior to written approval.  Major 

variances (i.e., addition or deletion of sampling locations, changes in leak test procedures, change in sample collection rates, change of analytical method, 

and/or a change in data acceptance or rejection procedures) require documented verbal approval, at a minimum, prior to implementation.  Most major 

deviations from planned activities will require revision or addendum to the QAPP by BMcD personnel.  At a minimum, a technical memorandum will be 

submitted to the project file that summarizes the nature of the deviation and its anticipated impact to the project. 

Communication Drivers Responsible Entity Name Phone 
Number 

Procedure  
(timing, pathways, etc.) 

Point of Contact with KDHE and USEPA 
Region 7 USACE-CENWK Project Manager Robyn 

Kiefer 816-389-3615 
Materials and information about the project 
will go to the regulatory entities through the 
lead organization. 

Back-up Point-of-Contact for Lead Organization USACE-CENWK Project Engineer Kirk Boese 816-389-3558 
In the event that the lead organization project 
manager is not available, the project engineer 
will serve as a backup point of contact. 
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Communication Drivers Responsible Entity Name Phone 
Number 

Procedure  
(timing, pathways, etc.) 

Manage all project phases MP Project Manager John 
Logigian 914-641-2690 

John Logigian will be MP’s liaison between 
Robyn Kiefer, USACE-CENWK  and Tracy 
Cooley, BMcD 

Manage all project phases BMcD Project Manager Tracy 
Cooley 816-822-3369 

Tracy Cooley will be BMcD’s liaison to Robyn 
Kiefer, USACE-CENWK and John Logigian, 
MP 

Back-up Point-of-Contact for Investigative 
Organization BMcD QC Coordinator Ed Lindgren 816-822-3595 

In the event that the investigative 
organization’s project manager is not 
available, the QC Coordinator will serve as a 
backup point of contact. 

Field Adjustments / Changes BMcD FSM/SHSS To Be 
Assigned  

The FSM will notify Tracy Cooley of any field 
adjustments and reasons for same at the time 
of occurrence.  Tracy Cooley will notify by 
phone or email John Logigian and Robyn 
Kiefer within one business day. 

Stop Work and Initiation of Corrective Action BMcD FSM/SHSS To Be 
Assigned  

The FSM/SHSS will notify Tracy Cooley as 
soon as possible of any work stoppages and 
implemented corrective actions due to health 
and safety considerations.  Tracy Cooley will 
notify by phone or email John Logigian and 
Robyn Kiefer within one business day. 

Stop Work and Initiation of Corrective Action BMcD Project Manager Tracy 
Cooley 816-822-3369 

Tracy Cooley will notify John Logigian and 
Robyn Kiefer as soon as possible of any work 
stoppages and implemented corrective 
actions. 

Daily Field Quality Control Reports 
BMcD 
Field Site Manager 

To Be 
Assigned  

The FSM will submit via fax or email DQCRs 
to Tracy Cooley within one business day of 
sampling.  Tracy Cooley will forward the 
DQCRs to John Logigian and Robyn Kiefer 
via fax or email upon receipt. 
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Communication Drivers Responsible Entity Name Phone 
Number 

Procedure  
(timing, pathways, etc.) 

Reporting Lab Data Quality Issues Columbia Project Manager Michael 
Tuday 805-526-7161 

Any QA/QC problems with the project field 
samples will be reported by Michael Tuday to 
the BMcD Technical Lead or Chemist within 2 
business days.  The problem, potential 
impact, and proposed corrective action will be 
presented to Tracy Cooley for transmittal to 
John Logigian and Robyn Kiefer. 

Reporting Lab Data Quality Issues STL Burlington Project Manager Don Dawicki 802-655-1203 

Any QA/QC problems with the project field 
samples will be reported by the QA Lab’s 
Project Manger to the BMcD Technical Lead 
or Chemist within 2 business days.  The 
problem, potential impact, and proposed 
corrective action will be presented to Tracy 
Cooley for transmittal to John Logigian and 
Robyn Kiefer. 

Field and Analytical and Corrective Action Project QC Coordinator Ed Lindgren 816-822-3595 

The need for corrective action for field and 
analytical problems will be determined by the 
QC Coordinator following discussions with the 
appropriate project technical personnel.  
Corrective actions will be documented on the 
DQCR or transmitted verbally or by email to 
the MP and USACE-CENWK Project 
Managers. 

QAPP Revisions USACE-CENWK Project Manager Robyn 
Kiefer 816-389-3615 

Any major changes to the QAPP must be 
approved by the USACE-CENWK Project 
Manager before the change can be 
implemented. 

* * * * * 
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QAPP Worksheet #7 
(UFP-QAPP Manual Section 2.4.3) 

Personnel Responsibilities and Qualifications Table 
 
Resumes are located in the offices of each organization and are available upon request.  In addition, resumes for Columbia are provided in the laboratory’s 

QAM, which is included as Appendix A to this QAPP.  Responsibilities were also discussed previously on QAPP Worksheet #5. 

Name Title Organizational 
Affiliation Responsibilities Education and Experience 

Qualifications 

Robyn Kiefer Project Manager USACE-CENWK Oversees all aspects of the project and 
acts as liaison with regulatory agencies 
and general public. 

B.S., Petroleum Engineering 
M.S., Civil Engineering 
Project Manager Professional 
18 years experience 

John Logigian Project Manager MP Manages Project – coordinates between 
lead agency and investigative 
contractor. 

B.S., Biology and Chemistry 
M.S., Chemical Engineering 
10 years experience as an 
industrial chemical engineer 
18 years experience as a 
remediation engineer and 
environmental project manager 

Tracy Cooley Project Manager BMcD Manages Project – coordinates 
document preparation, field samplings, 
and data reporting.  Coordinates with 
primary contractor. 

B.S., Geology 
21 years experience 

Diana Marquez Technical Lead BMcD Acts as technical expert for sub-slab air 
and indoor air sampling and analysis. 

B.S., Biology 
M.S., Toxicology 
13 years experience 

Sharon Shelton QAPP Preparer 
Data Reviewer 

BMcD Prepares QAPP 
Performs data validation 

B.S., Biology 
M.S., Environmental Science 
12 years experience 

Ed Lindgren QC Coordinator BMcD Day-to-day QC oversight of project 
operations 

B.S., Geology 
M.S., Geology 
10 years experience 
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Name Title Organizational 
Affiliation Responsibilities Education and Experience 

Qualifications 

Eric Wenger Health and Safety Officer BMcD Responsibility for the health and safety 
of field personnel 

B.S., Biology and Education 
M.S., Industrial Hygiene 
Certified Industrial Hygienist 
16 years experience 

To Be Assigned Field Site Manager BMcD Supervises field sampling and 
coordinates all field activities 

 

Michael Tuday Project Manager Columbia Manages generation and reporting of 
analytical data. 

B.S., Chemistry 
26 years experience 
See QAM, Appendix A 

Lynne Nelson Quality Assurance 
Program Manager 

Columbia Performs laboratory QA oversight. B.S., Professional Biology 
B.S., Chemistry 
15 years experience 
See QAM, Appendix A 

Don Dawicki Project Manager STL Burlington Manages generation and reporting of 
analytical data. 

Engineering Laboratory Technician 
School 
Nuclear Prototype Training Unit 
Nuclear Power School 
17 years experience 

 

* * * * * 
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QAPP Worksheet #8 
(UFP-QAPP Manual Section 2.4.4) 

Special Personnel Training Requirements Table 
 

Field personnel training records are maintained in the BMcD corporate offices.  The minimum health and safety training for the field sampling team is 

40-hour Hazardous Waste Operations and Emergency Response (HAZWOPER) training and annual refreshers.  In addition, the FSM will have HAZWOPER 

8-Hour Supervisor Training.  While no specific professional certification or training is available for collection of sub-slab soil vapor samples and/or indoor air 

samples, at least one member of the field sampling team will have experience with the sample collection techniques presented in the WP/SAP. 

Project 
Function 

Specialized Training By 
Title or Description of 

Course 
Training 
Provider 

Training 
Date 

Personnel / 
Groups 

Receiving 
Training 

Personnel Titles / 
Organizational 

Affiliation 
Location of Training Records / 

Certificates1 

Field Sampling HAZWOPER 40-Hour Initial 
Training 

BMcD Various2 All members of the 
field sampling team. 

All members of the field 
sampling team – BMcD 

BMcD Offices 
Certificates available upon request 

Field Sampling HAZWOPER 8-Hour 
Refresher Training 

BMcD Various2 All members of the 
field sampling team. 

All members of the field 
sampling team – BMcD 

BMcD Offices 
Certificates available upon request 

Field Site 
Supervisor 

HAZWOPER 8-Hour 
Supervisor Training 

BMcD Various2 FSM FSM - BMcD BMcD Offices 
Certificates available upon request 

1Documentation of training is maintained by the BMcD Human Resources Department 
2 Training dates are kept in training records that are maintained by the BMcD Human Resources Department.  

As indicated in the USACE-CENWK Scope of Work, the analytical laboratories performing sample analysis are required to be certified by the NELAP and 

accredited by the AIHA.  In addition, it is preferable to submit samples to laboratories that also have declared compliance with the most recent update to the 

DoD QSM Final Version 3 (DoD, 2006).  Columbia, the primary analysis laboratory, has indicated their intention to make such a declaration prior to the onset 

of field sampling activities.  Following this declaration, an assessment will be made by USACE that the laboratory’s self-declaration is accurate, and an 

assessment report will be filed with the USACE-CX and DoD LabWatch database.  In the event that Columbia is unable to declare compliance with the DoD 

QSM, Columbia’s QAM and SOPs will be assessed to ensure adequate capability, capacity, and performance to meet PQOs. 
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The minimum certification requirement for the QA laboratory is NELAP.  In addition, the methodology and equipment provided by the QA laboratory is 

required to be functionally equivalent to that of Columbia (same canister volume, same analytical method, etc.).  Efforts were made to obtain services from a 

laboratory that was also accredited by the AIHA and compliant with the DoD QSM. Given the limited number of laboratories that were identified as capable 

of providing the required equipment and methodology, it was not be possible to select a QA laboratory that met all of the certification/accreditation criteria.  

However, STL Burlington is certified by NELAP and is also operating under an existing USACE HTRW validation and intends to self-declare compliance 

with DoD QSM upon expiration of this validation.  These certifications were determined to be acceptable for the QA laboratory for the vapor intrusion 

project. 

* * * * * 
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QAPP Worksheet #9 
(UFP-QAPP Manual Section 2.5.1) 

Project Scoping Session Participants Sheet 
 
QAPP Worksheet #9-1 April 13, 2006 Scoping Meeting 
 

Project Name:  Vapor Intrusion Investigation 
Projected Date(s) of Sampling: August 2006 and Winter 2006 
Project Manager:  Robyn Kiefer, USACE 

Site Name:  OU-1, Former Schilling Air 
Force Base 
Site Location:  Salina, Kansas 

Date of Session:  April 13, 2006 
Scoping Session Purpose:  Schilling CERCLA Support Kick-Off Meeting 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Robyn Kiefer Project 
Manager USACE 816-389-3615 robyn.v.kiefer@usace.army.mil Project 

Manager 

Kirk Boese Project 
Engineer USACE 816-389-3558 kirk.d.boese@usace.army.mil Project 

Engineer 
Chuck 
Williams Geologist USACE 816-389-3575 chuck.e.williams@usace.army.mil Geologist 

Julia Kisser Geologist USACE 816-389-3874 Julia.k.kisser@usace.army.mil Geologist 
Jerry 
Montgomery Chemist USACE 816-389-3904 jerry.a.montgomery@usace.army.mil Chemist 

Vanessa 
Bauders 

Industrial 
Hygienist USACE 816-389-3567 vanessa.j.bauders@usace.army.mil Technical 

Lead 

David Daniel Risk Assessor USACE 816-389-3910 david.r.daniel@usace.army.mil Risk 
Assessor 

John Logigian Project 
Manager MP 914-641-2690 jlogigian@pirnie.com Project 

Manager 

Tracy Cooley Project 
Manager BMcD 816-822-3369 tcooley@burnsmcd.com Project 

Manager 

Ed Lindgren QC 
Coordinator BMcD 816-822-3595 elindgren@burnsmcd.com Project QC 

Coordinator 
Diana 
Marquez 

Technical 
Lead BMcD 816-822-3453 dmarque@burnsmcd.com Technical 

Lead 

 
Comments/Decisions:  Summary of the project tasks and iterative approach was discussed.  The scope 
of investigation was limited to OU-1, and buildings within the footprint of the 100 µg/L chlorinated solvent 
groundwater plume.  Vanessa Bauders was identified as the USACE-CENWK technical lead.  Data 
submittals and interim data reports were discussed.  Jerry Montgomery will be the point-of-contact for 
database / data management issues. 

Action Items:  
• Update project schedule to accommodate Restoration Advisory Board (RAB) review 
• Meet to further discuss indoor air approach in early May 

Consensus Decisions:  
• Work Plan and Sampling and Analysis Plan can be consolidated into one document (WP/SAP). 
• Field work will be conducted by personnel with experience in indoor air sampling (Certified 

Industrial Hygienist is not required.) 
• Interim data reports will be submitted as Draft and Final.  These will not require regulatory or RAB 

review. 
• Staged Electronic Data Deliverable (SEDD) will be used as the electronic data reporting format. 
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QAPP Worksheet #9-2 April 20, 2006 Scoping Meeting 
 

Project Name:  Vapor Intrusion Investigation 
Projected Date(s) of Sampling: August 2006 and Winter 2006 
Project Manager:  Robyn Kiefer, USACE 

Site Name:  OU-1, Former Schilling Air 
Force Base 
Site Location:  Salina, Kansas 

Date of Session:  April 20, 2006 
Scoping Session Purpose:  Schilling Vapor Intrusion Teleconference 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Kirk Boese Project 
Engineer USACE 816-389-3558 kirk.d.boese@usace.army.mil Project 

Engineer 
Vanessa 
Bauders 

Industrial 
Hygienist USACE 816-389-3567 vanessa.j.bauders@usace.army.mil Technical 

Lead 

John Logigian Project 
Manager MP 914-641-2690 jlogigian@pirnie.com Project 

Manager 

Tracy Cooley Project 
Manager BMcD 816-822-3369 tcooley@burnsmcd.com Project 

Manager 

Ed Lindgren QC 
Coordinator BMcD 816-822-3595 elindgren@burnsmcd.com Project QC 

Coordinator 
Diana 
Marquez 

Technical 
Lead BMcD 816-822-3453 dmarque@burnsmcd.com Technical 

Lead 

 
Comments/Decisions:  Changes were made to the project scope of work (see below).  A meeting to 
discuss development for the Work Plan was scheduled. 

Action Items:  
• Project schedule will be updated based on change in scope. 
• A revised cost will be provided due to the change in scope for the vapor intrusion investigation 
• Meet to further discuss indoor air approach in early May. 

Consensus Decisions:  
• The soil gas component of the vapor intrusion investigation will be removed from the scope of 

work.  Instead, sub-slab soil vapor sampling will be conducted in all buildings.  Changes were 
made since the KDHE is not fully accepting of soil gas data for vapor intrusion evaluations. 

• Up to two samples will be collected from each of 13 buildings and quality control (QC) samples will 
be collected at 10 percent of the total samples collected.  The WP/SAP will provide proposed 
locations. 

• The full TO-15 analyte list will be reported for the sub-slab soil vapor sampling. 
• Work Plan discussion meeting was scheduled for May 11, 2006. 
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QAPP Worksheet #9-3 May 1, 2006 Scoping Meeting 
 

Project Name:  Vapor Intrusion Investigation 
Projected Date(s) of Sampling: August 2006 and Winter 2006 
Project Manager:  Robyn Kiefer, USACE 

Site Name:  OU-1, Former Schilling Air 
Force Base 
Site Location:  Salina, Kansas 

Date of Session:  May 1, 2006 
Scoping Session Purpose:  Draft Schedule Review Teleconference 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Kirk Boese Project 
Engineer USACE 816-389-3558 kirk.d.boese@usace.army.mil Project 

Engineer 
Vanessa 
Bauders 

Industrial 
Hygienist USACE 816-389-3567 vanessa.j.bauders@usace.army.mil Technical 

Lead 

John Logigian Project 
Manager MP 914-641-2690 jlogigian@pirnie.com Project 

Manager 

Tracy Cooley Project 
Manager BMcD 816-822-3369 tcooley@burnsmcd.com Project 

Manager 
 
Comments/Decisions:  Project schedule was discussed. 

Action Items:  
• Project schedule will be updated as discussed in teleconference. 

Consensus Decisions:  
• Pre-Draft Work Plan to be submitted to May 19, 2006. 
• Add Center for Expertise (CX) to Corps reviewers. 
• Change time allowed for incorporation of comments into draft or pre-draft submittals to 10 days. 
• Reduce time for Indoor Air Event to 15 days. 
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QAPP Worksheet #9-4 May 11, 2006 Scoping Meeting 
 

Project Name:  Vapor Intrusion Investigation 
Projected Date(s) of Sampling: August 2006 and Winter 2006 
Project Manager:  Robyn Kiefer, USACE 

Site Name:  OU-1, Former Schilling Air 
Force Base 
Site Location:  Salina, Kansas 

Date of Session:  May 11, 2006 
Scoping Session Purpose:  Vapor Intrusion Work Plan Working Meeting 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Robyn Kiefer Project 
Manager USACE 816-389-3615 robyn.v.kiefer@usace.army.mil Project 

Manager 

Kirk Boese Project 
Engineer USACE 816-389-3558 kirk.d.boese@usace.army.mil Project 

Engineer 
Charles 
Colbert 

Industrial 
Hygienist USACE 816-389-3895 charles.r.colbert@usace.army.mil Industrial 

Hygienist 
Amy 
Darpinian Chemist USACE 816-389-3897 amy.f.darpinian @usace.army.mil Project 

Chemist 
Vanessa 
Bauders 

Industrial 
Hygienist USACE 816-389-3567 vanessa.j.bauders@usace.army.mil Technical 

Lead 

David Daniel Risk Assessor USACE 816-389-3910 david.r.daniel@usace.army.mil Risk 
Assessor 

John Logigian Project 
Manager MP 914-641-2690 jlogigian@pirnie.com Project 

Manager 
Richard 
Califano Risk Assessor MP 201-388-4307 rcalifano@pirnie.com Risk 

Assessor 
Hope 
Nemickas Risk Assessor MP 201-398-4356 hnemickas@pirnie.com Risk 

Assessor 

Tracy Cooley Project 
Manager BMcD 816-822-3369 tcooley@burnsmcd.com Project 

Manager 

Ed Lindgren QC 
Coordinator BMcD 816-822-3595 elindgren@burnsmcd.com Project QC 

Coordinator 
Diana 
Marquez 

Technical 
Lead BMcD 816-822-3453 dmarque@burnsmcd.com Technical 

Lead 

Sharon 
Shelton Chemist BMcD 816-822-3168 sshelton@burnsmcd.com Project 

Chemist 

 
Comments/Decisions:  Elements of sub-slab sampling were discussed, including:  review of 
building/sampling locations, standard operating procedures, and leak testing procedures.  Elements of 
indoor air sampling were discussed, including:  decision criteria for indoor air sampling and standard 
operating procedures.  Differences in pressure gauges used in the field versus laboratory were 
discussed.  Selection of quality assurance (QA) split sample laboratory was discussed.  Questions 
regarding QAPP content were addressed. 

Action Items:  
• Dave Daniel will supply Diana Marquez with USACE’s screening criteria. 
• Vanessa Bauders will check on identity of two smaller buildings on figure (i.e., potential pump 

house and concession stand).  Unless otherwise instructed, BMcD will assume these buildings do 
not need to be sampled. 

• Pre-Draft Work Plan and QAPP to be submitted May 19, 2006. 
• Robyn Kiefer will contact the Dean of Kansas State University to determine if they have any input 

regarding placement of sampling probes within their buildings. 
• The analytical laboratory will be asked if they can provide information regarding accuracy and limits 

of error for the field pressure gauges and laboratory gauges. 
• The analytical laboratory will be asked to provide results for recent performance evaluation testing. 
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QAPP Worksheet #9-4 May 11, 2006 Scoping Meeting (continued) 
 
Consensus Decisions:  

• Unless instructed at a later time, assume that the pump house and concession stand do not 
require sampling. 

• Two sub-slab soil vapor samples will be located within large buildings.  If the building bridges an 
isoconcentration contour, sample locations will be placed on either side of the line. 

• An indoor air survey form will be used to gain information regarding building use at the time of 
sample collection. 

• Sub-slab sample ports will be established as permanent sample points that can be abandoned at a 
later date. 

• Both mechanical and chemical leak tests will be conducted during sub-slab soil vapor sampling.  
Isopropyl alcohol soaked rags will be used for the chemical leak test. 

• Decision criteria were established as follows:  Results of sub-slab samples will be compared to 
1E-05 risk-based screening criteria.  The screening levels for sub-slab sampling will be based 
upon indoor air values multiplied by a 10-fold attenuation factor.  Locations with constituents 
detected in excess of the attenuated 1E-05 screening criteria will be selected for indoor air 
sampling.  Indoor air samples with detections of constituents in excess of a 1E-04 risk-based 
screening criteria will be the basis for further risk-management decision-making. 

• Include discussion of differences in field versus laboratory pressure gauges in QAPP and 
WP/SAP. 

• QA split samples will be submitted to DataChem in Salt Lake City, Utah.  USACE-CENWK will 
make arrangement for these samples. 

• Electronic data deliverables will be submitted in SEDD 2a format. 
• Controlled copies of the QAPP with unique document control numbers will be submitted to 

USACE-CENWK, MP, BMcD, KDHE, USEPA, and Columbia. 
• In lieu of project-specific performance evaluation samples, a copy of the lab’s most recent 

proficiency testing results will be provided. 
• Steps IIa and IIb validation will be provided in a Quality Control Summary Report (QCSR) or 

similar.  Results of Step III usability assessment will be presented with the Vapor Intrusion Report. 

QAPP_Final_Wksht_09.doc W9-5 08/22/2006 



Operable Unit One (OU-1) Vapor Intrusion Investigation  Final Quality Assurance Project Plan, Version 1 
QAPP Worksheet #9 Former Schilling AFB, Salina, Kansas 

QAPP Worksheet #9-5 May 16, 2006 Scoping Meeting 
  

Project Name:  Vapor Intrusion Investigation 
Projected Date(s) of Sampling: August 2006 and Winter 2006 
Project Manager:  Robyn Kiefer, USACE 

Site Name:  OU-1, Former Schilling Air 
Force Base 
Site Location:  Salina, Kansas 

Date of Session:  May 16, 2006 
Scoping Session Purpose:  Telephone Call Between Technical Leads – Building Locations 
 
Name 

 
Title 

 
Affiliation 

 
Phone # 

 
E-mail Address 

 
Project 
Role 

Vanessa 
Bauders 

Industrial 
Hygienist USACE 816-389-3567 vanessa.j.bauders@usace.army.mil Technical 

Lead 
Diana 
Marquez 

Technical 
Lead BMcD 816-822-3453 dmarque@burnsmcd.com Technical 

Lead 

BMcD = Burns & McDonnell Engineering Company, Inc. 
USACE = U.S. Army Corps of Engineers 

 
Comments/Decisions:  Sampling locations were discussed on the north side of OU-1. 

Action Items:  
• Pump House and Concession Stand will not be included in sampling plan for OU-1. 

• USACE-CENWK will attempt to obtain as-built drawings for the Kansas State buildings. 

Consensus Decisions:  
• Two small buildings identified as a Pump House and Concession Stand do not need to be included 

in the sampling design for OU-1. 
• As-built drawings should be available for the newer Kansas State buildings, but may be difficult to 

obtain for the older buildings. 
 

* * * * * 
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QAPP Worksheet #10 
(UFP-QAPP Manual Section 2.5.2) 

Problem Definition 
 

PROBLEM DEFINITION, SITE HISTORY, AND BACKGROUND 
A site history and description is provided in the introduction to this QAPP. 

Past investigations have revealed the presence of VOCs in groundwater.  The primary constituents of 

interest at the former Schilling AFB Site are TCE and its associated degradation products, cis-1,2-DCE 

and vinyl chloride, as well as carbon tetrachloride.  The presence of structures directly above the VOC-

impacted groundwater creates potential for vapor intrusion.  The purpose of this vapor intrusion 

investigation is to assess potential human exposure associated with the vapor intrusion pathway for most 

of the occupied structures at OU-1 that are located wholly or partially within the 100 μg/L total 

chlorinated solvents groundwater plume (See WP/SAP Figure 1-2).   

Sub-slab soil vapor and indoor air samples will be collected and analyzed for VOCs in support of this 

investigation.  The investigation will be conducted in an iterative approach, with activities performed 

during Phase 2 dependent upon the outcome of Phase 1 sampling and analysis.  The sub-slab soil vapor 

sampling will occur during Phase 1.  Analytical results from the sub-slab soil vapor samples will be 

compared to the sub-slab soil vapor screening level provided on WP/SAP Table 2-1.  During Phase 2, 

indoor air samples will be collected from buildings where one or more sub-slab soil vapor samples 

exhibited VOC concentrations exceeding the sub-slab screening level.  These indoor air samples will be 

analyzed for only those chemicals that were detected above screening levels during the sub-slab soil 

vapor sampling.  Sampling methodology and potential analytical requirements for the indoor air sampling 

activities are presented in the WP/SAP and QAPP; however an addendum to the work plan that specifies 

the sample number, locations, and exact analytical requirements will be submitted upon USACE-

CENWK’s review and the data and approval of the interim data report. 

The problem to be addressed by the project: 
A chlorinated solvent plume in groundwater has been identified as OU-1, and the presence of occupied or 

potentially-occupied structures directly above VOC-impacted groundwater creates potential for vapor 

intrusion. 

The environmental questions being asked: 
Are VOCs in groundwater migrating into indoor air?  If so, do the vapors result in human exposure? 
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Observations from any site reconnaissance reports: 
The presence of VOCs in groundwater has been identified at OU-1.  The location of the plume is 

presented on WP/SAP Figure 1-2.  An overlay is provided of buildings that are located within the 

footprint of the plume. 

A synopsis of secondary data or information from site reports: 
Groundwater data and associated isoconcentration contour maps from the Final Remedial Investigation 

for Operable Unit One at the Former Schilling Air Force Base, Salina, Kansas (USACE, 2005) were 

used to develop sub-slab soil vapor sampling locations (See WP/SAP Figure 1-2). 

The possible classes of contaminants and the affected matrices: 
Sub-slab soil vapors and indoor air and the media of concern.  VOCs are the class of contaminants under 

investigation.  The primary VOCs of interest at OU-1 for the former Schilling AFB are TCE and its 

associated degradation products, cis-1,2-DCE and vinyl chloride, as well as carbon tetrachloride. 

The rationale for inclusion of chemical and nonchemical analyses: 
The overall rationale for the phased evaluation of vapor intrusion is presented in WP/SAP Section 3.1.  

Analysis of VOCs in air using USEPA TO-15 will provide an indication of potential vapor migration into 

the buildings. 

Information concerning various environmental indicators: 
The presence of VOCs in groundwater underneath buildings located in OU-1 indicates the potential for 

intrusion of vapors into the indoor environment. 

Project Decision Conditions (“If. . ., then. . .” statements): 
The purpose of this vapor intrusion investigation is to assess the potential for human exposure associated 

with the vapor intrusion pathway for most of the occupied structures at OU-1 that are located wholly or 

partially within the 100 μg/L total chlorinated solvents groundwater plume as defined in the Final 

Remedial Investigation for Operable Unit One at the Former Schilling Air Force Base, Salina, Kansas 

(USACE-CENWK, 2005).  The portion of OU-1 containing the 100 μg/L total chlorinated solvents 

groundwater plume is identified on WP/SAP Figure 1-2.  This study likely constitutes the beginning of 

vapor intrusion studies at the former Schilling AFB.  The 100 μg/L total chlorinated solvents groundwater 

plume was selected as the initial study area due to elevated chemical concentrations in groundwater 

rendering indoor air contamination more likely to be detected.  
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Decision Point 1: If a building is located within the 100 µg/L footprint of the VOC plume, then sub-

slab soil vapor samples will be collected from inside the building. Two buildings that 

are located within the 100 μg/L contour line, the Tullis Building (Former Department 

of Defense [DOD] 849) and the Aeronautical Center (Former DOD 730), are not 

being addressed in this investigation.  KDHE recently installed a sub-slab vapor 

mitigation system at the Tullis Building, and a sub-slab venting system had 

previously been installed at the Aeronautical Center.  Penetrating the floor slab, as 

would be required to collect sub-slab soil vapor samples, could adversely impact the 

effectiveness of the existing mitigation systems; therefore, these two buildings were 

excluded from the vapor intrusion investigation.   

Results of the sub-slab soil vapor data will serve as the basis for identifying buildings where indoor air 

samples will be collected.  Analytical results from the sub-slab soil vapor samples will be compared to the 

sub-slab soil vapor screening levels provided on WP/SAP Table 2-1.  Discussion of the development of 

the sub-slab soil vapor screening levels is provided in WP/SAP Section 2.2.3 and WP/SAP Appendix B.  

Indoor air samples will be collected from buildings where one or more sub-slab soil vapor samples 

showed chemical concentrations exceeding the sub-slab screening levels. 

Decision Point 2: If one of more sub-slab soil vapor samples exhibit chemical concentrations exceeding 

the sub-slab soil vapor screening levels for a given building, then indoor air samples 

will be collected from inside the building. 

Data will be evaluated based upon direct comparison of the laboratory results to the screening criteria.  

Due to the high degree of scrutiny regarding this project, provision is not being made for discounting data 

points that only slightly exceed screening criteria.  Data are being reviewed on a per-building basis.  

Given the small number of samples collected per building, a statistical data analysis is not feasible. 

* * * * * 
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QAPP Worksheet #11 
(UFP-QAPP Manual Section 2.6.1) 

Project Quality Objectives / Systematic Planning Process Statements 
 

PQOs define the type, quantity, and quality of data that are needed to answer questions and support 

environmental decision-making.  PQOs are presented as both qualitative and quantitative statements. 

Who will use the data? 
USACE-CENWK is performing the data analysis and interpretation.  Other data users include project 

team members from MP, BMcD, KDHE, USEPA, and SAA. 

What will the data be used for? 
USACE-CENWK will use the data gathered during the vapor intrusion investigation to assess the 

potential human exposure associated with the vapor intrusion pathway for most of the occupied structures 

that are located wholly or partially within the 100 μg/L contour line for total chlorinated solvents in 

groundwater shown on WP/SAP Figure 1-2.  A total of 13 buildings are located within this footprint; 

however, samples will be collected from only 11 of these buildings.  Two buildings that are located 

within the 100 μg/L contour line, the Tullis Building (Former Department of Defense [DOD] 849) and the 

Aeronautical Center (Former DOD 730), are not being addressed in this investigation.  KDHE recently 

installed a sub-slab vapor mitigation system at the Tullis Building, and a sub-slab venting system had 

previously been installed at the Aeronautical Center.  Penetrating the floor slab, as would be required to 

collect sub-slab soil vapor samples, could adversely impact the effectiveness of the existing mitigation 

systems; therefore, these two buildings were excluded from the vapor intrusion investigation.   

What type of data are needed? 
Data needs for the project include the collection of sub-slab soil vapor and indoor air samples.  The 

sample collection process (i.e., investigation) will be conducted in phases with the results of Phase 1 

determining the data collection effort for Phase 2.   Activities to meet the data needs during Phase 1 

include: 

• Completion of a building survey to document general building structural and use information 

(See WP/SAP Section 3.2.2). 

• Installation of sub-slab soil vapor sampling probes in 11 buildings located wholly or partially 

within the footprint of the 100 μg/L total chlorinated solvents groundwater plume (See WP/SAP 

Section 3.2.3, WP/SAP Table 3-1 and WP/SAP Figure 1-2). 
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• Collection of sub-slab soil vapor samples in September 2006 (See WP/SAP Section 3.2.4) 

• Analysis of sub-slab soil vapor samples for VOCs using USEPA Method TO-15 by Columbia for 

the list of compounds indicated on Table 11-1. 

The exact scope of work for the Phase 2 field activities will be based on the results of the sub-slab vapor 

sampling activities as previously discussed.  For this reason, specific information identifying the number 

of indoor air samples to be collected or sample locations will be determined at a later time.  Sampling 

methodology and analytical requirements for the indoor air sampling activities are presented in the 

WP/SAP; however, an addendum to the WP/SAP that specifies sample number and locations will be 

submitted following analysis of the sub-slab soil vapor data.  Data needs to be addressed during Phase 2 

include: 

• Completion of an indoor air sampling survey to document general building structural, use, and 

activities that could generate VOCs (See WP/SAP Section 3.3.2). 

• Initial collection of indoor air samples only during the winter months from buildings that 

exhibited sub-slab soil vapor concentrations in excess of the screening value presented in 

WP/SAP Table 2-1. 

• At this point in time it is planned that the indoor air samples will be analyzed by USEPA Method 

TO-15.  Information is only needed for constituents detected at concentrations exceeding the sub-

slab soil vapor screening levels (WP/SAP Table 2-1); therefore, analysis will only be performed 

for only those constituents exceeding the sub-slab soil vapor screening levels.  If review of the 

sub-slab soil vapor data indicates that the analyte list will include chemicals for which Method 

TO-15 does not provide adequate quantitation limits (QLs), the analytical method may be 

changed to USEPA Method TO-15 SIM (selective ion monitoring) to achieve lower QLs.  The 

final determination of the indoor air analyte list and analytical method will be addressed in a letter 

addendum to the WP/SAP that will be provided to USACE-CENWK prior to initiating field 

activities. 

Matrix? 
Sub-slab soil vapor and indoor air are the matrices of interest. 
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How “good” do the data need to be in order to support the environmental 
decision? 
Data are being collected to assess the potential for human exposure regarding the vapor intrusion 

pathway.  Worksheet #15, Reference Limits and Evaluation Table, which presents the VOCs with their 

associated action levels and project QL goals.  In addition, Worksheet #12, Measurement Performance 

Criteria (MPC) Table, presents a summary of the MPC for each of the data quality indicators (DQIs) 

being used to evaluate precision, accuracy, representativeness, completeness, and comparability 

(PARCC).  The QLs and MPC were reviewed and determined to be adequate to address the project 

decision conditions that were presented in Worksheet #10, Problem Definition. 

How much data are needed? 
Requirements for the sub-slab soil vapor investigation (Phase 1 Investigation) are presented in WP/SAP 

Section 3.2.1.  WP/SAP Figure 1-2 presents the building locations, and WP/SAP Table 3-1 presents a 

sampling summary. 

Requirements for the indoor air sampling (Phase 2 Investigation) are presented in WP/SAP Section 3.3.1.  

The exact number of indoor air samples to be collected during Phase 2 is unknown at this time.  Sampling 

locations will be determined based upon the results of the Phase 1 sub-slab soil vapor samples. 

Where, when, and how should the data be collected/generated? 
The 11 buildings being sampled include most of the occupied structures that are located wholly or 

partially within the 100 μg/L contour line for total chlorinated solvents in groundwater.  Two buildings 

that are located within the 100 μg/L contour line, the Tullis Building (Former Department of Defense 

[DOD] 849) and the Aeronautical Center (Former DOD 730), are not being addressed in this 

investigation.  KDHE recently installed a sub-slab vapor mitigation system at the Tullis Building, and a 

sub-slab venting system had previously been installed at the Aeronautical Center.  Penetrating the floor 

slab, as would be required to collect sub-slab soil vapor samples, could adversely impact the effectiveness 

of the existing mitigation systems; therefore, these two buildings were excluded from the vapor intrusion 

investigation.   Sub-slab soil vapor samples will be collected as indicated in WP/SAP Section 3.2.  Since 

increased soil moisture can cause the soil vapor sample results to be biased low, the sub-slab soil vapor 

samples will not be collected within five days of precipitation or irrigation events.  The sub-slab sampling 

is currently planned for September 2006.   

The second phase of the vapor intrusion investigation consists of collecting indoor air samples from a 

subset of the buildings where sub-slab soil vapor samples were collected.  Indoor air samples will be 
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collected as indicated in WP/SAP Section 3.3.  Indoor air samples will be collected in the winter months 

of 2006/2007. 

A summary of the project schedule is presented on Worksheet #16, Project Schedule/Timeline Table. 

Who will collect and generate the data? 
Field sampling activities will be conducted by BMcD personnel.  Sample analysis will be performed by 

Columbia.  Analysis of the QA split samples will be provided by STL Burlington. 

How will the data be reported? 
Analytical data will be reported by Columbia and STL Burlington in hard copy and electronic format 

following each sampling event.  Hard copy contents are indicated in Worksheet #29, Project Documents 

and Records Table.  The electronic data deliverable will conform to SEDD 2a format. 

WP/SAP Section 2.2 presents the project reporting requirements, including:   

• DQCRs 

• Monthly Progress Reports 

• Interim Data Report, including a Quality Control Summary Report (QCSR) discussing data 

validation of the for sub-slab soil vapor data 

• Vapor Intrusion Report, including a QCSR discussing the data validation of the indoor air data 

How will the data be archived? 
Field notebooks, chain-of-custody (COC) forms, field forms, disks, tapes, and lab reports will be filed and 

stored at the BMcD offices located in Kansas City, Missouri.  Data provided by the analytical laboratories 

will be archived electronically in SEDD 2a format.  After the first six months following completion of the 

project, these files may be transferred to long-term storage facilities located in Kansas City, Missouri or 

transferred to USACE-CENWK. 

* * * * * 
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Table 11-1 
Analyte List 

Vapor Intrusion Investigation 
Former Schilling Air Force Base 

Acetone cis-1,3-Dichloropropene 

Benzene trans-1,3-Dichloropropene 

Bromodichloromethane Ethylbenzene 

Bromoform 2-Hexanone 

Bromomethane Methyl tert-butyl ether (MTBE) 

2-Butanone (MEK) Methylene Chloride 

Carbon Disulfide 4-Methyl-2-pentanone (MIBK) 

Carbon Tetrachloride Styrene 

Chlorobenzene 1,1,2,2-Tetrachloroethane 

Chloroethane Tetrachloroethene (PCE) 

Chloroform 1,1,1-Trichloroethane 

Chloromethane 1,1,2-Trichloroethane 

Dibromochloromethane Trichloroethene (TCE) 

1,2-Dibromoethane Trichlorofluoromethane (Freon 11) 

1,2-Dichlorobenzene Trichlorotrifluoroethane (Freon 113) 

1,3-Dichlorobenzene Toluene 

1,4-Dichlorobenzene Vinyl Chloride 

1,1-Dichloroethane m,p-Xylenes 

cis-1,2-Dichloroethene o-Xylene 

trans-1,2-Dichloroethene Isopropyl Alcohol 

1,2-Dichloropropane  (leak test compound only applicable to 
the sub-slab soil vapor samples) 

Note:  Sub-slab soil vapor samples will be analyzed for the entire analyte list 
indicated.  Only VOCs that were detected in the sub-slab soil vapor samples at 
concentrations exceeding the sub-slab soil vapor screening levels will be 
included on the analyte list for the indoor air sample collected at a given 
building. 
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QAPP Worksheet #12 
(UFP-QAPP Manual Section 2.6.2) 

Measurement Performance Criteria Table 
 

QAPP Worksheet #12-1 VOCs by TO-15 (Columbia) 
 

Matrix Sub-Slab Soil Vapor and Indoor Air    

Analytical Group VOCs by TO-15 (Columbia)    

Concentration 
Level 

Low    

Sampling 
Procedure 

Analytical 
Method/SOP 

Data Quality 
Indicators (DQIs) 

Measurement 
Performance Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S& A) 

Precision – Lab 
 

RPD ≤ 25% 
 

Laboratory Duplicates 
 

A 
 

Precision – Field See Figure 12-1 Field Duplicates S & A 
Accuracy/Bias – 
Contamination 

No target compounds > ½ QL Method Blanks 
Trip Blanks 

S & A 

Accuracy/Bias 70% ≤ Recovery ≤ 140% Surrogates A 
Accuracy/Bias Recovery within limits specified 

in laboratory SOP 
(See Table 12-1) 

Laboratory Control Sample 
(LCS) 

A 

Sensitivity QLs < 1/3 Action Level See QAPP Worksheet #15 A 
Completeness – Field Samples collected from ≥ 90% 

of planned locations 
Data Completeness Check S 

Completeness – Lab Usable data provided for ≥ 95% 
of analyzed samples 

Data validation and usability 
assessment 

A 

Representativeness 
(Sub-Slab Soil Vapor) 

Vacuum maintained in system Mechanical Leak Test S 

Sub-Slab Soil 
Vapor 

WP/SAP 
Section 3.2 

 
Indoor Air 
WP/SAP 

Section 3.3 

Method TO-15 
SOP VOA-TO15 

Representativeness 
(Sub-Slab Soil Vapor) 

No isopropyl alcohol detections 
> 10% of starting concentration 

Chemical Leak Test S 
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Matrix Sub-Slab Soil Vapor and Indoor Air    

Analytical Group VOCs by TO-15 (Columbia)    

Concentration 
Level 

Low    

Sampling 
Procedure 

Analytical 
Method/SOP 

Data Quality 
Indicators (DQIs) 

Measurement 
Performance Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S& A) 

Representativeness Samples Analyzed with Holding 
Time 

Holding Time Review A 

Comparability See Figure 12-1 QA Split Sample S & A 

 

TABLE 12-1 
LCS Acceptance Limits (Columbia) 

Volatile Organic Compounds by USEPA TO-15 
Vapor Intrusion Investigation 

Former Schilling Air Force Base 
     

    
Columbia LCS 

Acceptance Limits 
Parameter CAS Number (% Recovery) 
Acetone 67-64-1 65 - 115 
Benzene 71-43-2 68 - 126 
Bromodichloromethane 75-27-4 73 - 136 
Bromoform 75-25-2 76 - 136 
Bromomethane 74-83-9 73 - 128 
2-Butanone (MEK) 78-93-3 69 - 137 
Carbon Disulfide 75-15-0 69 - 127 
Carbon Tetrachloride 56-23-5 73 - 136 
Chlorobenzene 108-90-7 78 - 131 
Chloroethane 75-00-3 72 - 128 
Chloroform 67-66-3 71 - 133 
Chloromethane 74-87-3 70 - 127 
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TABLE 12-1 
LCS Acceptance Limits (Columbia) 

Volatile Organic Compounds by USEPA TO-15 
Vapor Intrusion Investigation 

Former Schilling Air Force Base 
     

    
Columbia LCS 

Acceptance Limits 
Parameter CAS Number (% Recovery) 
Dibromochloromethane 124-48-1 80 - 134 
1,2-Dibromoethane 106-93-4 80 - 130 
1,2-Dichlorobenzene 95-50-1 78 - 135 
1,3-Dichlorobenzene 541-73-1 79 - 136 
1,4-Dichlorobenzene 106-46-7 78 - 133 
1,1-Dichloroethane 75-34-3 69 - 134 
1,2-Dichloroethane 107-06-2 71 - 132 
1,1-Dichloroethene 75-35-4 73 - 131 
cis-1,2-Dichloroethene 156-59-2 74 - 130 
trans-1,2-Dichloroethene 156-60-5 73 - 131 
1,2-Dichloropropane 78-87-5 74 - 128 
cis-1,3-Dichloropropene 10061-01-5 76 - 132 
trans-1,3-Dichloropropene 10061-02-6 76 - 134 
Ethylbenzene 100-41-4 79 - 130 
2-Hexanone 591-78-6 69 - 143 
Methyl tert-Butyl Ether 1634-04-4 55 - 142 
Methylene chloride 75-09-2 67 - 123 
4-Methyl-2-pentanone (MIBK) 108-10-1 75 - 137 
Styrene 100-42-5 73 - 135 
1,1,2,2-Tetrachloroethane 79-34-5 81 - 131 
Tetrachloroethene (PCE) 127-18-4 78 - 130 
1,1,1-Trichloroethane 71-55-6 74 - 133 
1,1,2-Trichloroethane 79-00-5 74 - 129 
Trichloroethene (TCE) 79-01-6 73 - 132 
Trichlorofluoromethane (Freon 11) 75-69-4 70 - 143 
Trichlorotrifluoroethane (Freon 113) 76-13-1 72 - 133 
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TABLE 12-1 
LCS Acceptance Limits (Columbia) 

Volatile Organic Compounds by USEPA TO-15 
Vapor Intrusion Investigation 

Former Schilling Air Force Base 
     

    
Columbia LCS 

Acceptance Limits 
Parameter CAS Number (% Recovery) 
Toluene 108-88-3 79 - 128 
Vinyl Acetate 108-05-4 58 - 165 
Vinyl Chloride 75-01-4 71 - 131 
m,p-Xylenes 136777-61-2 80 - 131 
o-Xylene 95-47-6 80 - 131 
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QAPP Worksheet #12-2 VOCs by TO-15 (STL Burlington) 
 

Matrix Sub-Slab Soil Vapor and Indoor Air    

Analytical Group VOCs by TO-15 (STL Burlington)    

Concentration 
Level 

Low    

Sampling 
Procedure 

Analytical 
Method/SOP 

Data Quality 
Indicators (DQIs) 

Measurement 
Performance Criteria 

QC Sample and / or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S& A) 

Precision – Lab 
 

RPD ≤ 25% 
 

Laboratory Duplicates 
 

A 
 

Precision – Field See Figure 12-1 Field Duplicates S & A 
Accuracy/Bias – 
Contamination 

No target compounds > ½ QL Method Blanks 
Trip blanks 

S & A 

Accuracy/Bias ±40% of the mean internal 
standard response of the CCV 

Internal Standards A 

Accuracy/Bias 70% ≤ Recovery ≤ 130% Laboratory Control Sample A 
Sensitivity QLs < 1/3 Action Level See QAPP Worksheet #15 A 

Representativeness Samples Analyzed with Holding 
Time 

Holding Time Review A 

Representativeness 
(Sub-Slab Soil Vapor) 

Vacuum maintained in system Mechanical Leak Test S 

Representativeness 
(Sub-Slab Soil Vapor) 

No isopropyl alcohol detections 
> 10% of starting concentration 

Chemical Leak Test S 

Completeness – Field Samples collected from ≥ 90% 
of planned locations 

Data Completeness Check S 

Completeness – Lab Usable data provided for ≥ 95% 
of analyzed samples 

Data validation and usability 
assessment 

A 

Sub-Slab Soil 
Vapor 

WP/SAP 
Section 3.2 

 
Indoor Air 
WP/SAP 

Section 3.3 

Method TO-15 
 LM-AT-

TO14/TO15 

Comparability See Figure 12-1 QA Split Sample S & A 
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MEASUREMENT PERFORMANCE CRITERIA 1 
MPC have been determined for the sub-slab soil vapor and indoor air samples.  The criteria pertain to 2 
DQIs of precision, accuracy/bias, sensitivity, representativeness, comparability, and completeness.  The 3 
DQIs provide an indication of the quantitative and qualitative degree of data quality.  These MPCs were 4 
developed based upon the PQOs, including applicable screening levels (see WP/SAP Table 2-1).  Any 5 
laboratory-derived performance criteria were reviewed for appropriateness relative to the PQOs and were 6 
found to be acceptable.  Further discussion regarding the review of the laboratory-derived criteria is 7 
presented with each of the applicable QC samples in the following sections.  It is important to note that 8 
the DoD QSM has not developed specific MPC for air analysis using USEPA Method TO-15.  Discussion 9 
regarding the DQIs, QC samples, control limits for each indicator, and potential corrective actions for 10 
outliers are provided in the following sections. 11 

Precision 12 
Precision is the level of agreement among individual measurements of the same chemical or physical 13 
property.  During the data validation process, precision is expressed in terms of relative percent difference 14 
(RPD).  Chemical concentration data obtained from the analysis of laboratory duplicate and field 15 
duplicate samples will be compared to evaluate analytical precision.  The RPD is calculated using the 16 
following equation: 17 

| (D1 – D2) | 
RPD = (D1 + D2) / 2 x 100 

 18 

Where: 19 
 RPD = Relative Percent Difference 20 
 D1  = Original Sample Concentration 21 
 D2  = Duplicate Sample Concentration 22 

Perfect precision would be indicated by a RPD of 0 percent. 23 

Laboratory Duplicates 24 
Laboratory duplicates are performed to assess analytical precision.  USEPA Method TO-15 specifies the 25 
analysis of a laboratory duplicate in each sample batch, with a sample batch defined as a grouping of up 26 
to 20 field samples.  Therefore, the laboratories will analyze a field sample and duplicate sample that are 27 
obtained from the same container for each analytical batch.  The samples are handled, prepared, and 28 
analyzed at the lab using identical techniques.    29 

Columbia’s and STL Burlington’s acceptance criteria for laboratory duplicates are a maximum RPD of 25 30 
percent for each compound, which was found to be acceptable for purposes of this investigation.  This 31 



Operable Unit One (OU-1) Vapor Intrusion Investigation  Final Quality Assurance Project Plan, Version 1 
QAPP Worksheet #12 Former Schilling AFB, Salina, Kansas 

QAPP_Final_Wksht_12.doc W12-8 08/22/2006 

value corresponds to duplicate sample acceptance criteria that were established in USEPA Method TO-15 1 
based upon studies performed for USEPA’s Urban Air Toxics Monitoring Program and Toxics Air 2 
Monitoring Stations.  In addition, this acceptance criterion was more restrictive than default duplicate 3 
sample comparison criterion (RPD ≤ 30 percent) that was established for GC/MS analysis in Table B-3 of 4 
the DoD QSM (DoD, 2006).   5 

Any RPD outside of control limits for the lab duplicate requires evaluation by the lab.  Columbia’s SOP 6 
VOA-TO15 specifies that a second laboratory duplicate should be analyzed in the event of failure to meet 7 
the RPD criteria.  In the event that the secondary analysis is also outside of QC limits, the data will be 8 
flagged during data validation (See QAPP Worksheets #35 and #36).  Similar corrective action is required 9 
from STL Burlington. 10 

Field Duplicates 11 
Field duplicate sample results will indicate the precision and reproducibility of sample collection and 12 
analytical results.  A field duplicate sample is obtained for the sub-slab soil vapor and indoor air samples 13 
as indicated in Sections 3.2 and 3.3 of the WP/SAP.  The project goal is to collect a minimum of 10 14 
percent duplicate samples during the sampling events.  The field duplicate samples will be collected in the 15 
same manner and analyzed for the same parameters as field samples from the same location.  The 16 
acceptance criteria for field duplicates are specified on Figure 12-1.   17 

It should be noted that field duplicate samples are expected to have greater variability than lab duplicates.  18 
Figure 12-1 is based upon a data comparison flow diagram (Figure 16) that is presented in the UFP-QAPP 19 
Manual for comparison of aqueous samples.  The numerical criteria presented in Figure 12-1 were 20 
selected based upon review of water/soil replicate sample comparison criteria that were established in 21 
Chemical Quality Assurance for Hazardous, Toxic and Radioactive (HTRW) Projects (USACE, 1997).  22 
The numerical criteria presented in this document were adjusted based upon this project’s sample matrix 23 
(air) and laboratory duplicate acceptance criteria (RPD ≤ 25 percent).  The RPD criteria indicated in 24 
Figure 12-1 are more restrictive than acceptance criteria presented in the USACE document, and these 25 
criteria provide adequate precision for purposes of this investigation.   26 

Any result outside of acceptance criteria for the field duplicate requires evaluation.  The sample collection 27 
method should be verified to determine likely sources of sample non-homogeneity.  Additionally, the 28 
calculations should be checked for errors and corrected when necessary.  If no calculation errors occurred, 29 
then the laboratory should be contacted and requested to verify their results.  Additionally, any 30 
information the laboratory can give regarding apparent homogeneity of the sample within the sample 31 
container should be obtained.  If analytical holding times have not been exceeded and sufficient sample 32 
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volume remains, it may be beneficial to have the laboratory repeat the sample analysis in instances where 1 
the field duplicate results are significantly outside of control limits (i.e., RPDs that exceed control limits 2 
by more than 50 percent).  In some instances, the corrective action will involve flagging the data during 3 
data validation (See QAPP Worksheets #35 and #36) or rejection of the results for the original and 4 
duplicate sample. 5 

QA Split Samples 6 
QA split sample results will also indicate the precision and reproducibility of sample collection and 7 
analytical results.  A QA split sample is obtained for the sub-slab soil vapor and indoor air samples as 8 
indicated in Sections 3.2 and 3.3 of the WP/SAP.  QA split sampling is performed by collecting two 9 
samples from a given location.  One sample is submitted to the primary analytical laboratory, and the 10 
second sample is submitted to a different laboratory for analysis.  Results of the two samples are then 11 
compared.  The project goal is to collect a minimum of 10 percent QA split samples during the sampling 12 
events.  The QA split samples will be collected in the same manner and analyzed for the same parameters 13 
as the primary sample from the same location.  The acceptance criteria for QA split samples are specified 14 
on Figure 12-1. 15 

It should be noted that QA split samples are expected to have greater variability than lab duplicates.  16 
Figure 12-1 is based upon a data comparison flow diagram (Figure 16) that is presented in the UFP-QAPP 17 
Manual for comparison of aqueous samples.  The numerical criteria presented in Figure 12-1 were 18 
selected based upon review of water/soil replicate sample comparison criteria that were established in 19 
Chemical Quality Assurance for Hazardous, Toxic and Radioactive (HTRW) Projects (USACE, 1997).  20 
The numerical criteria presented in this document were adjusted based upon this project’s sample matrix 21 
(air) and laboratory duplicate acceptance criteria (RPD ≤ 25 percent).  The RPD criteria indicated in 22 
Figure 12-1 are more restrictive than acceptance criteria presented in the USACE document, and these 23 
criteria provide adequate precision for purposes of this investigation.  24 

Any result outside of acceptance criteria for the QA split samples requires evaluation.  The sample 25 
collection method should be verified to determine likely sources of sample non-homogeneity.  26 
Additionally, the calculations should be checked for errors and corrected when necessary.  If no 27 
calculation errors occurred, then the laboratories should be contacted and requested to verify their results.  28 
Additionally, any information the laboratories can give regarding apparent homogeneity of the sample 29 
within the sample container should be obtained.  If analytical holding times have not been exceeded and 30 
sufficient sample volume remains, it may be beneficial to have the laboratories repeat the sample analysis 31 
in instances where the QA split sample results are significantly outside of control limits (i.e., RPDs that 32 
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exceed control limits by more than 50 percent).  In some instances, the corrective action will involve 1 
flagging the data during data validation (See QAPP Worksheets #35 and #36) or rejection of the results 2 
for the original and QA split sample. 3 

Accuracy/Bias 4 
Accuracy measures the bias of a measurement system and may be defined as the degree of agreement 5 
between a measurement and its accepted or true value.  The accuracy of chemical results is assessed by 6 
examining the results of blank samples and spike recovery studies.   7 

Blank Samples 8 
Blank results are used to evaluate whether field or laboratory handling may have contaminated samples 9 
and adversely impacted analytical accuracy by causing false positive or high-biased data.  The results of 10 
these analyses allow an evaluation of whether detections may represent chemicals introduced into the 11 
samples during handling, sample shipment, or analytical preparation and analysis.   12 

Blanks are expected to have no detections of target constituents.  Any blank detection that is greater than 13 
one-half (1/2) of the constituent’s QL requires evaluation to determine whether sample reanalysis is 14 
necessary.  Any exception is made for common lab contaminants (acetone, methylene chloride, etc.).  For 15 
these compounds, the blank concentration should not exceed the QL.  Any sample associated with a blank 16 
that fail these criteria shall be reprocessed in a subsequent preparation blank, except when the sample 17 
analysis results in a non-detect result for the contaminant.  If no sample volume remains for reprocessing, 18 
then the results will be reported with appropriate data qualifiers.  Results in field samples that are less 19 
than five times the corresponding contaminated blank value are generally considered false positives and 20 
flagged accordingly during data validation (See Appendix E).  Instances of gross contamination may 21 
require reanalysis and/or resampling if the corresponding field samples have similar detections.  22 

Method Blanks 23 
USEPA Method TO-15 specifies the analysis of a method blank in each sample batch, with a sample 24 
batch defined as a grouping of up to 20 field samples.  For the method blank, a clean matrix is prepared 25 
and analyzed in the same manner as the field samples.  Any detection in the method blank indicates 26 
potential laboratory contamination of the associated field samples in the analytical batch.   27 

Trip Blanks 28 
The laboratory prepares trip blanks and sends them to the field along with the containers for sample 29 
collection.  A trip blank, consisting of an unopened evacuated canister, will be shipped with the sub-slab 30 
vapor samples on each day of sampling.  Trip blanks can consist of either unopened, fully evacuated 31 
canisters or canisters that have been fully charged with zero grade air by the laboratory.  Since a fully 32 
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charged canister has no vacuum with which to pull contaminants into the canister, a fully evacuated 1 
canister has a better likelihood of capturing potential transit-related contamination.  Trip blanks are used 2 
to determine if  VOCs diffused through the sample canister fittings due to site, shipping, or laboratory 3 
conditions; thereby, causing cross-contamination of samples. 4 

Spike Recovery Studies 5 
Spike recovery studies are used to evaluate the ability of the laboratory to recover constituents that are 6 
intentionally spiked into the samples.  Accuracy of spiked samples is expressed as the percent recovery 7 
(REC).  The REC is calculated using the following equation.   8 

(SSR – SR) 
REC = 

SA 
 

 9 
Where: 10 
 REC = Recovery 11 
 SSR = Spiked Sample Result 12 
 SR   = Sample Result 13 
 SA   = Spike Amount Added 14 

Perfect accuracy is defined as 100 percent REC.  The DoD QSM has not established accuracy limits for 15 
the analysis of air using USEPA TO-15.  The laboratories have established statistically-derived 16 
acceptance limits (Columbia) or are utilizing default limits presented in USEPA Method TO-15 (STL 17 
Burlington).   These limits were reviewed and found to be adequate to meet PQOs.  Further discussion 18 
regarding the review of the laboratory-derived criteria is presented with each of the applicable QC 19 
samples in the following sections.  An elevated REC indicates potential for or high bias in the data; 20 
therefore, non-detect results would be considered reliable.  A low REC indicates potential for low bias in 21 
the data.  Instances of significantly low REC (i.e., REC less than 10 percent), indicate the possibility of 22 
false negative results.  23 

Surrogates 24 
Surrogates are added to each sample that undergoes organic analyses.  Surrogates are compounds that are 25 
not normally found in environmental samples that are added (spiked) into field and QC samples and 26 
analyzed for REC.  Surrogates are utilized to give an indication of the analytical accuracy of the 27 
preparation and analysis methods on a per sample basis. 28 

Surrogate spikes are not required as part of USEPA Method TO-15.  Columbia performs surrogate 29 
spiking as requested on a per-project basis and surrogate analysis is being requested for this project.  30 
VOCs included as surrogate spikes include:  1,2-dichloroethane-d4, toluene-d8, and bromofluorobenzene.  31 
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Columbia’s acceptance criteria for surrogates are RECs between 70 to 140 percent.  Since method-1 
specified acceptance criteria and DoD QSM criteria were not available for surrogate review,  Columbia’s 2 
acceptance limits were compared to guidelines presented in the Kansas City District Data Quality 3 
Evaluation Guidance (USACE-CENWK, 2006), which is presented in Appendix E.  This guidance 4 
establishes control limits of 60 to 140 percent for purge and trap analyses.  Columbia’s limits fell within 5 
these guidelines and were determined to be acceptable for purposes of this project.   6 

Any surrogate REC outside of control limits requires evaluation by the lab.  At a minimum, calculations 7 
should be checked for errors and corrected when necessary.  If no calculation errors occurred, instrument 8 
performance should be verified.  If an instrument problem is found, it should be corrected and the samples 9 
reanalyzed.  If no instrument problem is found, then the sample should be reanalyzed, as applicable, 10 
according to method requirements.  Columbia’s SOP VOA-TO15 specifies that a smaller sample aliquot 11 
should be reanalyzed to mitigate any matrix interference.  In the event that the secondary analysis is also 12 
outside of QC limits, the data will be flagged during data validation (See QAPP Worksheets #35 and 13 
#36). 14 

Laboratory Control Sample (LCS)  15 
USEPA TO-15 specifies the analysis of a LCS in each sample batch, with a sample batch defined as a 16 
grouping of up to 20 field samples.  For the LCS, an interference-free matrix is spiked with known 17 
concentrations of target constituents and analyzed.  The intent is to measure analytical accuracy of the 18 
method in the absence of sample matrix effects.  As a measure of accuracy, the results of the LCS are 19 
compared against the known analyte concentrations in the spike to determine REC.   20 

Columbia’s acceptance criteria for LCS REC are provided on Table 12-1.  These limits were statistically-21 
derived by the laboratory.  The limits were reviewed for adequacy based on comparison to USEPA 22 
Method TO-15 default limits of 70 to 130 percent, which are being used by STL Burlington.  These 23 
criteria were largely achieved for the chlorinated constituents of interest (TCE, cis-1,2-DCE, vinyl 24 
chloride, and carbon tetrachloride).  Deviances were noted from the method default limits for some of the 25 
VOCs.  In many cases, the deviance established a more stringent lower recovery limit than that indicated 26 
in the method (i.e., lower control limit > 70 percent), and a less stringent upper recovery limit (i.e., upper 27 
control limit >130 percent).   Therefore, the potential for unacceptable low bias in the data was not 28 
indicated in the review of Columbia’s LCS acceptance criteria. VOCs with upper recovery limits greater 29 
than 130 percent may exhibit a higher degree of positive bias.  The point of data rejection will be based 30 
upon LCS REC outside of 40 to 160 percent (or in excess of four times the standard deviation around the 31 
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mean results of control limit studies) as indicated in the Kansas City District Data Quality Evaluation 1 
Guidance (Appendix E). 2 

Any LCS REC outside of control limits requires evaluation by the lab.  At a minimum, calculations 3 
should be checked for errors and corrected when necessary.  If no calculation errors occurred, instrument 4 
performance should be verified.  If an instrument problem is found, it should be corrected and the samples 5 
reanalyzed.  Depending upon the number and magnitude of compounds with LCS REC failures, 6 
corrective action may include reanalysis of only the LCS or reanalysis of all samples within the batch.  7 
For analyses with analyte lists that contain greater than 11 compounds, a limited number of sporadic 8 
marginal exceedences (MEs) are allowed in the DoD QSM prior to batch reanalysis.  For the analyte list 9 
provided in Table 11-1, up to two (2) sporadic MEs are allowed.  MEs must be random, and the ME 10 
control limits should not exceed four times the standard deviation around the mean results of control limit 11 
studies.  In some instances, corrective action will involve flagging the data during data validation (See 12 
QAPP Worksheets #35 and #36). 13 

Sensitivity and Quantitation Limits 14 
Sensitivity is the ability of the method to detect target constituents at a level of interest.  The QL is the 15 
minimum concentration of a constituent that can be routinely quantified by a lab.  The DoD QSM uses the 16 
term Limit of Quantitation (LOQ) to describe the QL.  In contrast, the method detection limit (MDL) is a 17 
statistically derived value that represents the 99 percent confidence level that the reported signal is 18 
different from a blank sample.  The DoD QSM uses the term Limit of Detection (LOD) to describe the 19 
MDL.  MDLs are lower values than QLs.  In general, QLs should be established at least three times the 20 
MDL.  Columbia and STL Burlington report detections between the MDL and QL as estimated (J-flag).  21 
QLs are often adjusted based upon sample volume and dilution.  These adjusted QLs are referred to as 22 
sample quantitation limits (SQLs).   23 

QLs and SQLs are compared to project action limits (ALs).  ALs are numerical criteria that are used as 24 
decision points for the project.  WP/SAP Table 2-1 presents the screening levels that are being used as 25 
ALs for the vapor intrusion project.  QAPP Worksheet #15 presents a comparison of these screening 26 
levels to laboratory MDLs and QLs for adequacy.  Since the QL can be adjusted depending upon various 27 
conditions, the project QL goal has been established as one-third (1/3) of the AL per the UFP-QAPP 28 
guidance.  29 

Representativeness 30 
Representativeness expresses the degree to which sample data accurately and precisely represents a 31 
characteristic of a population, parameter variations at a sampling point, or an environmental condition.  32 
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Representativeness is a qualitative parameter that depends upon the proper design of the sampling 1 
program and proper laboratory protocols.  The following factors impact representativeness:  appropriate 2 
rationale used to select sampling locations and analytical parameters, correct sample collection techniques 3 
and preservation, use of standard analytical methods, adherence to method holding times, and 4 
determination of potential analysis interferences.  The representativeness of the data will be determined 5 
by: 6 

• Qualitative comparison of actual sampling procedures to those presented in the WP/SAP and 7 
QAPP. 8 

• Quantitative comparison of analytical results for field duplicates and/or field splits to determine 9 
parameter variation at a sampling point. 10 

• Invalidating nonrepresentative data or identifying data to be classified as questionable through 11 
qualitative or quantitative data validation procedures. 12 

• Performance of leak tests during sub-slab soil vapor sampling 13 

• Review of sample analysis relative to the method holding time  14 

Nonrepresentative or questionable data are data that do not accurately reflect site conditions.  If data are 15 
determined to be nonrepresentative, they will not be used in subsequent data reduction, validation, and 16 
site characterization.  If a critical data point or parameter is determined to be nonrepresentative, the need 17 
for additional data collection will be carefully assessed by the BMcD Project Manager in conjunction 18 
with MP and USACE-CENWK Project Managers. 19 

Leak Testing 20 
Leak testing will be performed during sub-slab soil vapor sampling to verify that the sampling train is not 21 
subject to intrusion of indoor air and is collecting a representative soil gas sample.  Mechanical leak tests 22 
will be performed as indicated in WP/SAP Section 3.2.4.3.  If failure is noted during the mechanical leak 23 
test, sampling activities will be discontinued until the leak can be identified and addressed. 24 

Chemical leak tests are also conducted using isopropyl alcohol as the test compound.  The sub-slab soil 25 
vapor sampling train prepared as indicated in WP/SAP Sections 3.2.4.4 and 3.4.  If isopropyl alcohol is 26 
detected in the sub-slab soil vapor sample exceeds 5 percent of the starting concentration, the data will be 27 
qualified as estimated (J-flag).  Data will be rejected if the isopropyl alcohol concentration in the sub-slab 28 
soil vapor sample exceeds 10 percent of the starting concentration.  The starting concentration of 29 
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isopropyl alcohol will equal the average photoionization detector (PID) readings from each isopropyl 1 
alcohol-wrapped fitting in an individual assembly.  Using this method, each sample location will have a 2 
sample-specific starting isopropyl alcohol concentration that will be used to determine the presence of 3 
leaks in the probe and/or sample assembly.   4 

Comparability 5 
Comparability is a qualitative parameter used to express the confidence with which one data set may be 6 
compared to another.  The data sets may include data generated by laboratories in different phases of a 7 
project and/or data generated using different sampling and analysis techniques than those presented in the 8 
WP/SAP.  Comparability of data is achieved through the use of standard methods to collect and analyze 9 
samples, and reporting results in standard units and consistent format.  To produce comparable data, the 10 
units specified for analytical results obtained during the field investigations will be consistent throughout 11 
this project, and standardized analytical methods will be utilized for each parameter. 12 

Comparability can be assessed by collection and submission of split samples to two different laboratories 13 
for analysis.  QA split samples are being collected at a frequency of approximately 10 percent during the 14 
vapor intrusion investigation and will by used to assess data comparability.  The QA split sampling is 15 
performed by collecting two samples from a given location.  One sample is submitted to the primary 16 
analytical laboratory, and the second sample is submitted to a different laboratory for analysis.  Results of 17 
the two samples are then compared.   Figure 12-1 presents a flow diagram for the QA split sample 18 
comparison criteria. 19 

Completeness 20 
Completeness defines the percentage of measurements judged to be valid measurements.  Completeness is 21 
assessed for both field and laboratory activities.   22 

Field Completeness 23 
Field completeness is assessed by comparing the number of samples collected to the number of samples 24 
planned for collection, as follows: 25 

Number of samples collected 
% Field Completeness = 

Number of samples planned 
x 100 

 26 
The field completeness goal for this project is 90 percent.   If field completeness falls below 90 percent, 27 
the need for additional data collection to meet project objectives will be carefully assessed by the BMcD 28 
Project Manager in conjunction with MP and USACE-CENWK Project Managers. 29 
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Laboratory Completeness 1 
Laboratory completeness is assessed by comparing the number of valid sample results to the total number 2 
of sample results.  Laboratory completeness is calculated on a per method and matrix basis, as follows: 3 

Number of valid results for a method 
% Laboratory Completeness = 

Total number of results for a method 
x 100 

 4 
Valid sample results are sample results that are not qualified as rejected (R) during data validation (See 5 
QAPP Worksheets #35 and #36).  The laboratory completeness goal for this project is 95 percent.  If 6 
laboratory completeness falls below 95 percent, the need for additional data collection will be carefully 7 
assessed by the BMcD Project Manager in conjunction with MP and USACE-CENWK Project Managers. 8 

* * * * * 9 
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QAPP Worksheet #13 
(UFP-QAPP Manual Section 2.7) 

Secondary Data Criteria and Limitations Table 
 

This worksheet identifies all secondary data and information that will be used for the project and their originating sources.  The use of the secondary data is 

specified as well as any limitations on their use. 

Secondary Data 
Data Source 

(originating organization, 
report    title and date) 

Data Generator(s) 
(originating organization, data 

types, data generation / 
collection dates) 

How Data Will Be 
Used Limitations on Data Use 

Groundwater Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Final Remedial Investigation 
for Operable Unit One at the 
Former Schilling Air Force 
Base, Salina, Kansas (USACE,  
September 2005) 

USACE performed a remedial 
investigation for OU-1.  Results 
for soil, groundwater, and indoor 
air samples were presented in 
this report.  Various 
investigations were conducted 
from 1993 through 2004.  

Groundwater data were 
used to generate an 
isoconcentration map 
for chlorinated VOCs.  
Sub-slab sampling 
locations were selected 
from buildings within 
the 100 µg/L contour. 

Data were validated by 
USACE-CENWK and are 
acceptable for use.  The 
groundwater plume was not 
completely defined in the 
vicinity of Tony’s Road Ditch 
(See WP/SAP Figure 1-2). 
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QAPP Worksheet #14 
(UFP-QAPP Manual Section 2.8.1) 

Summary of Project Tasks 
 

SAMPLING TASKS: 
The vapor intrusion investigation will be conducted in a phased approach.  Phase 1 will involve the 

collection and analysis of sub-slab soil vapor samples for VOCs.  Based upon the results of the sub-slab 

soil vapor sampling, locations will be selected for collection of indoor air samples.  Indoor air samples 

will be analyzed for those VOCs that were detected in the sub-slab soil vapor samples at concentrations 

exceeding the sub-slab soil vapor screening levels. 

Sampling tasks are described in detail in WP/SAP Sections 3.2, 3.3, 3.6, and 3.7, as follows: 

3.2 Sub-Slab Vapor Sampling (Phase One Investigation) 
3.2.1 Sampling Overview and Rationale 
3.2.2 Initial Building Survey 
3.2.3 Sub-Slab Soil Vapor Probe Construction and Installation 
3.2.4 Sub-Slab Sampling Procedures 
3.2.5 Equipment Decontamination Procedures 
3.2.6 Investigation-Derived Waste (IDW) 

3.3 Indoor Air Sampling (Phase Two Investigation) 
3.3.1 Indoor Air Sampling Overview and Rationale 
3.3.2 Indoor Air Quality Building Survey 
3.3.3 Indoor Air Sampling Procedures 
3.3.4 Ambient Air Sampling 
3.3.5 Quality Control 

3.6 Sample Handling and Shipment 

3.7 Sample Location Mapping 

ANALYSIS TASKS: 
Analysis tasks are described in WP/SAP Section 3.4, Sample Analysis and Validation.  Sub-slab samples 

will be collected and analyzed for VOCs using USEPA Method TO-15.  The TO-15 parameter list that 

will be used for reporting the sub-slab soil data is presented on Table 11-1.  Indoor air samples will be 

analyzed for VOCs that were detected in the sub-slab soil vapor at concentration exceeding screening 

levels.  At this point in time it is planned that the indoor air samples will be analyzed by USEPA Method 

TO-15.  If review of the sub-slab soil vapor data indicates that the analyte list will include compounds for 

which Method TO-15 does not provide adequate QLs, the analytical method may be changed to USEPA 

Method TO-15SIM.  The final determination of the indoor air analyte list and analytical method will be 
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addressed in a letter addendum to the WP/SAP that will be provided by USACE-CENWK prior to 

initiating field activities.  The primary analytical laboratory is Columbia, and the QA laboratory is STL 

Burlington.  Analysis methods are also presented on Worksheets #19 and #23. 

QUALITY CONTROL TASKS: 
QC samples will be collected as described in the WP/SAP: 

3.2.4.5 Quality Control activities relevant to sub-slab soil vapor sampling 

3.3.5 Quality Control activities relevant to indoor air sampling 

See also Worksheet #28 which details relevant lab and field QC samples. 

SECONDARY DATA: 
See Worksheet #13 

OTHER DATA: 
Not applicable 

DATA MANAGEMENT TASKS: 
Field notebooks, COC forms, field forms, disks, tapes, and lab reports will be filed and stored at the 

BMcD offices located in Kansas City, Missouri.  After the first six months following completion of the 

project, these files may be transferred to long-term storage facilities located in Kansas City, Missouri or 

transferred to USACE.  Analytical data will be submitted in hard copy and electronically in SEDD 2a 

format. 

DOCUMENTATION AND RECORDS: 
Columbia data package deliverable requirements are outlined on QAPP Worksheet #29. 

Project Reporting requirements are discussed in WP/SAP Section 2.2, including: 

2.2.1 DQCRs 
2.2.2  Monthly Progress Reports 
2.2.3  Interim Data Report, includes QCSR for sub-slab soil vapor 
2.2.4  Vapor Intrusion Report, includes QCSR for indoor air samples 

Field documentation requirements are outlined in WP/SAP Section 3.5, including: 

3.5.2  COC Form 
3.5.3 Sample Identification Nomenclature 
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3.5.4 Field Logbook 
3.5.5 Field Forms 

ASSESSMENT / AUDIT TASKS: 
DQCRs will be prepared by the FSM and reviewed by the project team.  QA split samples are being 

collected at 10% frequency and submitted to a secondary laboratory for analysis as part of a Split Sample 

Audit.  These tasks are described on QAPP Worksheets #31 and #32. 

DATA REVIEW TASKS: 
Data review Steps I, IIa, IIb, and III will be performed on the sub-slab soil vapor and indoor air data.  

Step I, Verification, is described on QAPP Worksheet #34.  Steps IIa and IIb, Validation, are described on 

QAPP Worksheets #35 and #36.  Step III, Data Usability Assessment, is described on QAPP Worksheet 

#37. 

* * * * * 
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QAPP Worksheet #15 
(UFP-QAPP Manual Section 2.8.1) 

Reference Limits and Evaluation Table 
 

QAPP Worksheet #15-1 VOCs by TO-15 (Columbia) 
 
 Matrix:  Air, Sub-Slab Soil Vapor 
 Analytical Group: VOCs by TO-15 
 Concentration Level: Low 

 

Analytical Method1 

TO-15 
Columbia’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

Acetone 67-64-1 6,051 2,017 Not Listed Not Listed 3.1 25 

Benzene 71-43-2 58 19 0.34 Not Listed 0.37 5.1 

Bromodichloromethane 75-27-4 30 10 Not Listed Not Listed 0.66 5.1 

Bromoform 75-25-2 134 45 Not Listed Not Listed 0.86 5.1 

Bromomethane 74-83-9 10 3.2 0.53 Not Listed 1.1 5.1 

2-Butanone (MEK) 78-93-3 9,413 3,318 Not Listed Not Listed 0.71 5.1 

Carbon Disulfide 75-15-0 1,345 448 Not Listed Not Listed 0.71 5.1 

Carbon Tetrachloride 56-23-5 4.7 1.6 0.42 Not Listed 0.61 2.5 

Chlorobenzene 108-90-7 114 38 0.34 Not Listed 0.56 5.1 

Chloroethane 75-00-3 649 216 0.19 Not Listed 0.71 5.1 

Chloroform 67-66-3 94 31 0.25 Not Listed 0.38 5.1 

Chloromethane 74-87-3 175 58 0.40 Not Listed 0.76 5.1 

Dibromochloromethane 124-48-1 22 7.5 Not Listed Not Listed 0.91 5.1 

1,2-Dibromoethane 106-93-4 0.94 0.31 Not Listed Not Listed 0.33 5.1 

1,2-Dichlorobenzene 95-50-1 384 128 0.44 Not Listed 0.42 5.1 
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Analytical Method1 

TO-15 
Columbia’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

1,3-Dichlorobenzene 541-73-1 202 67 0.36 Not Listed 0.56 5.1 

1,4-Dichlorobenzene 106-46-7 86 28 0.70 Not Listed 0.39 5.1 

1,1-Dichloroethane 75-34-3 961 320 0.27 Not Listed 0.56 5.1 

1,2-Dichloroethane 107-06-2 9.4 3.1 0.24 Not Listed 0.41 5.1 

1,1-Dichloroethene 75-35-4 383 128 Not Listed Not Listed 0.96 5.1 

cis-1,2-Dichloroethene 156-59-2 67 22 Not Listed Not Listed 0.39 5.1 

trans-1,2-Dichloroethene 156-60-5 134 45 Not Listed Not Listed 0.38 5.1 

1,2-Dichloropropane 78-87-5 7.7 2.6 0.21 Not Listed 0.26 5.1 

cis-1,3-Dichloropropene 10061-01-5 38a 13 0.36 Not Listed 0.29 5.1 

trans-1,3-Dichloropropene 10061-02-6 38a 13 0.22 Not Listed 0.42 5.1 

Ethylbenzene 100-41-4 1,950 650 0.27 Not Listed 0.26 5.1 

2-Hexanone 591-78-6 Not Available Not Available Not Listed Not Listed 0.39 5.1 

Methyl tert-Butyl Ether 1634-04-4 2,069 689 Not Listed Not Listed 0.56 5.1 

Methylene chloride 75-09-2 1,144 381 1.38 Not Listed 0.71 5.1 

4-Methyl-2-pentanone 
(MIBK) 108-10-1 5,782 1,927 Not Listed Not Listed 0.44 5.1 

Styrene 100-42-5 1,950 650 1.64 Not Listed 0.40 5.1 

1,1,2,2-Tetrachloroethane 79-34-5 9.4 3.1 0.28 Not Listed 0.56 2.5 

Tetrachloroethene (PCE) 127-18-4 67 22 0.75 Not Listed 0.86 5.1 

1,1,1-Trichloroethane 71-55-6 4,236 1,412 0.62 Not Listed 0.71 5.1 

1,1,2-Trichloroethane 79-00-5 27 9.0 0.50 Not Listed 0.76 5.1 

Trichloroethene (TCE) 79-01-6 269 / 4.7c 89 / 1.5 0.45 Not Listed 0.66 2.5 
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Analytical Method1 

TO-15 
Columbia’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

Trichlorofluoromethane 
(Freon 11) 75-69-4 1,345 448 Not Listed Not Listed 0.38 5.1 

Trichlorotrifluoroethane 
(Freon 113) 76-13-1 Not Available Not Available Not Listed Not Listed 0.96 5.1 

Toluene 108-88-3 740 246 0.99 Not Listed 0.19 5.1 

Vinyl Chloride 75-01-4 118 39 0.33 Not Listed 0.56 5.1 

m,p-Xylenes 136777-61-2 195b 65 0.76 Not Listed 0.66 5.1 

o-Xylene 95-47-6 195b 65 0.57 Not Listed 0.56 5.1 

2-Propanol (Isopropyl 
Alcohol) 67-63-0 Not Applicable Not Applicable Not Listed Not Listed 0.61 5.1 

1Analytical MDLs and QLs are those documented in validated methods. 
2Achievable MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  Columbia’s achievable 
limits were determined based upon a 1-liter Summa passivated canister.   This example assumes an initial canister pressure/vacuum (after sample 
collection) of 5 inches of Hg (-2.5 psig). 
a Represents value for Total 1,3-Dichloropropene. 
b Represents value for Total Xylenes. 
cTwo values are presented for TCE.  These values are based on the use of two different toxicity values (See WP/SAP Section 2.2.3 and WP/SAP 
Appendix B). 
dSee WP/SAP Table 2-1 . 

Since the QL can vary depending upon various conditions, the project QL goal has been established as one-third of the applicable screening level 
according to guidelines in the UFP-QAPP Manual.  Acceptable results are obtained when the laboratory’s QL is less than the corresponding 
screening level.  Ideally, the laboratory’s QL will be equal to or less than the QL goal; however, this is not a point of data rejection. 
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QAPP Worksheet #15-2 VOCs by TO-15 (STL Burlington) 
 
 Matrix:  Air, Sub-Slab Soil Vapor 
 Analytical Group: VOCs by TO-15 
 Concentration Level: Low 

 

Analytical Method1 

TO-15 
STL Burlington’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

Acetone 67-64-1 6,051 2,017 Not Listed Not Listed 5.23 120 

Benzene 71-43-2 58 19 0.34 Not Listed 2.43 6.4 

Bromodichloromethane 75-27-4 30 10 Not Listed Not Listed 4.42 13 

Bromoform 75-25-2 134 45 Not Listed Not Listed 8.06 21 

Bromomethane 74-83-9 10 3.2 0.53 Not Listed 3.30 7.8 

2-Butanone (MEK) 78-93-3 9,413 3,318 Not Listed Not Listed 6.78 15 

Carbon Disulfide 75-15-0 1,345 448 Not Listed Not Listed 2.18 16 

Carbon Tetrachloride 56-23-5 4.7 1.6 0.42 Not Listed 4.03 13 

Chlorobenzene 108-90-7 114 38 0.34 Not Listed 2.76 9.2 

Chloroethane 75-00-3 649 216 0.19 Not Listed 2.90 130 

Chloroform 67-66-3 94 31 0.25 Not Listed 1.51 9.8 

Chloromethane 74-87-3 175 58 0.40 Not Listed 3.72 10 

Dibromochloromethane 124-48-1 22 7.5 Not Listed Not Listed 4.86 17 

1,2-Dibromoethane 106-93-4 0.94 0.31 Not Listed Not Listed 4.61 15 

1,2-Dichlorobenzene 95-50-1 384 128 0.44 Not Listed 3.85 12 

1,3-Dichlorobenzene 541-73-1 202 67 0.36 Not Listed 3.79 12 

1,4-Dichlorobenzene 106-46-7 86 28 0.70 Not Listed 4.81 12 

1,1-Dichloroethane 75-34-3 961 320 0.27 Not Listed 2.19 8.1 
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Analytical Method1 

TO-15 
STL Burlington’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

1,2-Dichloroethane 107-06-2 9.4 3.1 0.24 Not Listed 2.95 8.1 

1,1-Dichloroethene 75-35-4 383 128 Not Listed Not Listed 3.49 7.9 

cis-1,2-Dichloroethene 156-59-2 67 22 Not Listed Not Listed 3.29 7.9 

trans-1,2-Dichloroethene 156-60-5 134 45 Not Listed Not Listed 2.85 7.9 

1,2-Dichloropropane 78-87-5 7.7 2.6 0.21 Not Listed 3.70 9.2 

cis-1,3-Dichloropropene 10061-01-5 38a 13 0.36 Not Listed 3.95 9.1 

trans-1,3-Dichloropropene 10061-02-6 38a 13 0.22 Not Listed 3.95 9.1 

Ethylbenzene 100-41-4 1,950 650 0.27 Not Listed 3.95 8.7 

2-Hexanone 591-78-6 Not Available Not Available Not Listed Not Listed 3.39 20 

Methyl tert-Butyl Ether 1634-04-4 2,069 689 Not Listed Not Listed 3.50 18 

Methylene chloride 75-09-2 1,144 381 1.38 Not Listed 7.64 17 

4-Methyl-2-pentanone 
(MIBK) 108-10-1 5,782 1,927 Not Listed Not Listed 3.20 20 

Styrene 100-42-5 1,950 650 1.64 Not Listed 4.69 8.5 

1,1,2,2-Tetrachloroethane 79-34-5 9.4 3.1 0.28 Not Listed 4.87 14 

Tetrachloroethene (PCE) 127-18-4 67 22 0.75 Not Listed 6.51 14 

1,1,1-Trichloroethane 71-55-6 4,236 1,412 0.62 Not Listed 3.16 11 

1,1,2-Trichloroethane 79-00-5 27 9.0 0.50 Not Listed 3.33 11 

Trichloroethene (TCE) 79-01-6 269 / 4.7c 89 / 1.5 0.45 Not Listed 3.71 11 

Trichlorofluoromethane 
(Freon 11) 75-69-4 1,345 448 Not Listed Not Listed 2.30 11 

Trichlorotrifluoroethane 
(Freon 113) 76-13-1 Not Available Not Available Not Listed Not Listed 5.82 15 
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Analytical Method1 

TO-15 
STL Burlington’s Achievable 

Laboratory Limits2
Analyte CAS 

Number 
Screening 

Leveld
(µg/m3) 

Project QL 
Goal 

(µg/m3) MDLs 
(µg/m3) 

QLs 
(µg/m3) 

MDLs 
(µg/m3) 

QLs 
(µg/m3) 

Toluene 108-88-3 740 246 0.99 Not Listed 2.86 7.5 

Vinyl Chloride 75-01-4 118 39 0.33 Not Listed 1.51 5.1 

m,p-Xylenes 136777-61-2 195b 65 0.76 Not Listed 8.25 22 

o-Xylene 95-47-6 195b 65 0.57 Not Listed 2.56 8.7 

2-Propanol (Isopropyl 
Alcohol) 67-63-0 Not Applicable Not Applicable Not Listed Not Listed 4.00 120 

1Analytical MDLs and QLs are those documented in validated methods. 
2Achievable MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  STL Burlington’s 
achievable limits were determined based upon a 1-liter Summa passivated canister and a 20-milliliter sample injection 
a Represents value for Total 1,3-Dichloropropene. 
b Represents value for Total Xylenes. 
cTwo values are presented for TCE.  These values are based on the use of two different toxicity values (See WP/SAP Section 2.2.3 and WP/SAP 
Appendix B). 
dSee WP/SAP Table 2-1 

Since the QL can vary depending upon various conditions, the project QL goal has been established as one-third of the applicable screening level 
according to guidelines in the UFP-QAPP Manual.  Acceptable results are obtained when the laboratory’s QL is less than the corresponding 
screening level.  Ideally, the laboratory’s QL will be equal to or less than the QL goal; however, this is not a point of data rejection. 
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QAPP Worksheet #16 
(UFP-QAPP Manual Section 2.8.2) 
Project Schedule / Timeline Table 

 
Dates 

Activities Organization Anticipated Date(s)  
of Initiation 

Anticipated Date 
of Completion 

Deliverable Deliverable 
Due Date 

Quality Control Plan Preparation BMcD and MP 04/14/2006 05/02/2006 QC Plan 05/02/2006 

Vapor Intrusion Approach Review 
Meeting BMcD, MP, and USACE 05/11/2006 05/11/2006 Meeting Minutes 05/18/2006 

Pre-Draft Work Plan/Sampling 
and Analysis Plan (WP/SAP) and 
QAPP Preparation 

BMcD and MP 04/03/2006 05/16/2006 
Pre-Draft WP/SAP 
Pre-Draft QAPP 

05/19/2006 

Review of Pre-Draft Work Plan 
and QAPP USACE and USACE CX 05/22/2006 06/02/2006 Comments on 

Documents 06/02/2006 

Draft WP/SAP and QAPP 
Preparation BMcD and MP 06/05/2006 06/16/2006 

Draft WP/SAP 
Draft QAPP 

06/16/2006 

Regulator/RAB review of Draft 
WP/SAP and QAPP 

RAB, KDHE, USEPA, 
and USACE 06/19/2006 07/18/2006 Comments on 

Documents 07/18/2006 

Draft Final WP/SAP and QAPP 
Preparation BMcD and MP 07/19/2006 08/18/2006 

Draft Final WP/SAP 
Draft Final QAPP 

08/18/2006 

Regulator/RAB review of Draft 
Final WP/SAP and QAPP 

RAB, KDHE, USEPA, 
and USACE 08/19/2006 08/29/2006 Comments on 

Documents 08/29/2006 

Final WP/SAP and QAPP 
Preparation BMcD and MP 08/30/2006 09/06/2006 

Final WP/SAP 
Final QAPP 

09/06/2006 

Sub-Slab Soil Vapor Sampling BMcD 09/07/2006 09/28/2006 Delivery of Samples 
to Laboratory 09/28/2006 

Laboratory Analysis Columbia and STL 
Burlington 09/29/2006 10/29/2006 Data Package 10/29/2006 

Interim Sub-Slab Data Report 
Preparation and Data Validation BMcD and MP 10/30/2006 11/28/2006 Interim Data Report 11/28/2006 

Review of Interim Sub-Slab Data USACE and USACE CX 10/30/2006 11/28/2006 Comments on 11/28/2006 
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Dates 
Activities Organization Anticipated Date(s)  

of Initiation 
Anticipated Date 

of Completion 
Deliverable Deliverable 

Due Date 

Report Document 

Finalize Interim Sub-Slab Data 
Report BMcD and MP 11/29/2006 12/11/2006 Final Interim Data 

Report 12/11/2006 

Indoor Air Sampling BMcD 12/12/2006 01/01/2007 Delivery of Samples 
to Laboratory 01/01/2007 

Laboratory Analysis Columbia and STL 
Burlington 01/02/2007 02/01/2007 Data Package 02/01/2007 

Pre-Draft Vapor Intrusion Report 
Preparation and Data Validation BMcD and MP 02/02/2007 03/04/2007 Pre-Draft Vapor 

Intrusion Report 03/04/2007 

Review of Pre-Draft Vapor 
Intrusion Report USACE and USACE CX 03/05/2007 04/04/2007 Comments on 

Document 04/04/2007 

Draft Vapor Intrusion Report 
Preparation BMcD and MP 04/05/2007 04/30/2007 Draft Vapor Intrusion 

Report 04/30/2007 

Regulator/RAB review of Draft 
Vapor Intrusion Report 

RAB, KDHE, USEPA, 
and USACE 05/01/2007 05/31/2007 Comments on 

Document 05/31/2007 

Final Vapor Intrusion Report 
Preparation BMcD and MP 06/01/2007 06/11/2007 Final Vapor Intrusion 

Report 06/11/2007 

RAB = Restoration Advisory Board 
 
Note:  This schedule will be routinely updated by BMcD and MP during the course of the project. 
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QAPP Worksheet #17 
(UFP-QAPP Manual Section 3.1.1) 
Sampling Design and Rationale 

 
Describe and provide rationale for choosing the sampling approach: 
The overall rationale for the vapor intrusion investigation is presented in WP/SAP Section 3.1.  The 

investigation will be conducted in a phased approach.  Sub-slab soil vapor samples will be collected and 

analyzed for VOCs from most of the occupied structures that are located wholly or partially within the 

100 μg/L contour line for total chlorinated solvents in groundwater  (See WP/SAP Section 3.2, WP/SAP 

Table 3-1, and WP/SAP Figure 1-2), representing a biased and judgmental sampling scheme.   

Based upon the results of the sub-slab soil vapor data, locations will be selected for collection of indoor 

air samples.  During Phase 2, indoor air samples will be collected from buildings where one or more sub-

slab soil vapor samples exhibited VOC concentrations exceeding the sub-slab screening level.  These 

indoor air samples will be analyzed for only those VOCs that were detected at concentration in excess of 

the screening levels during the sub-slab soil vapor sampling.  In addition to the indoor air samples, 

ambient air samples will be collected to provide a measure of the background concentration of VOCs in 

outdoor air.   

Describe the sampling design rationale in terms of what matrices will be sampled, 
what analytical groups will be analyzed and at what concentration levels, the 
sampling locations, the number of samples to be taken, and the sampling 
frequency: 
See also QAPP Worksheet #18. 

Sub-slab soil vapor samples will be collected and analyzed for VOCs in September 2006 from 11 of the 

occupied structures that are located wholly or partially within the 100 μg/L contour line for total 

chlorinated solvents in groundwater  (See WP/SAP Section 3.2, WP/SAP Table 3-1, and WP/SAP Figure 

3-1).  One to two sub-surface soil vapor samples will be collected from each building, depending upon 

building size.  QC activities include the performance of leak tests (physical and chemical), collection of 

field duplicate and QA split samples with a frequency of 10 percent, and submission of trip blank 

samples.  Additionally, any QC samples required by the analytical method will be analyzed.  Sub-slab 

samples will not be collected within 5 days of precipitation or irrigation events to minimize potential bias 

in the data.  Samples will be submitted to the laboratory and analyzed for VOCs using USEPA Method 

TO-15.  Phase 1 activities are described in detail in WP/SAP Section 3.2, WP/SAP Table 3-1 and 

WP/SAP Figure 1-2. 
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During Phase 2, indoor air samples will be collected from buildings where one or more sub-slab soil 

vapor samples exhibited VOC concentrations exceeding the sub-slab screening level.  One to two sub-

surface soil vapor samples will be collected from each building, depending upon its size.  These indoor air 

samples will be analyzed for only those VOCs that were detected at concentrations in excess of screening 

levels during the sub-slab soil vapor sampling.  At this point in time it is planned that the indoor air 

samples will be analyzed by USEPA TO-15.  If review of the sub-slab soil vapor data indicates that the 

analyte list will include chemicals for which Method TO-15 does not provide adequate QLs, the analytical 

method may be changed to USEPA TO-15SIM to achieve lower QLs.  In addition to the indoor air 

samples, ambient air samples will be collected to provide a measure of the background concentration of 

VOCs in outdoor air.  Additionally, a building survey will identify any potential sources of VOCs other 

than vapor migration.  QC activities include the collection of field duplicate and QA split samples with a 

frequency of 10 percent and submission of trip blank samples. Additionally, QC samples required by the 

analytical method will be analyzed.  Phase 2 activities are described in detail in WP/SAP Section 3.3. 

* * * * * 
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QAPP Worksheet #18 
(UFP-QAPP Manual Section 3.1.1) 

Sampling Locations and Methods/SOP Requirements Table 
 

Sampling Location / ID Number Matrix Sample 
Duration 

Analytical 
Group 

Concentration 
Level 

Number of 
Samples 
(identify field 
duplicates) 

Sampling 
SOP 

Reference 

Rationale for 
Sampling 
Location 

DOD 624 
DOD 628 

Former Auto Mehcanic Building (DOD 638) 
Former Vocational-Technical Building (DOD 

658) 
Former Raytheon Hanger (DOD 724) 

DOD 837 
 

Composites Lab (CL) 
Harbin Hall (HH) 

Residence Hall (RH) 
Technology Center (TC) 

College Center (CC) 

Air 
(Sub-Slab 

Soil Vapor)a 

5-10 
Minutes 

VOC 
TO-15 Low 

20 Sub-Slab Soil 
Vapor Samples, 
2 field duplicate 
samples, 2 QA 
split samples, 

and a trip blank 
for each day in 

the field. 

Sub-Slab 
Soil Vapor 
WP/SAP 

Section 3.2 

WP/SAP  
Section 3.2 

WP/SAP Table 3-1 
WP/SAP Figure 1-2 

Worksheet #17 

DOD 624 
DOD 628 

Former Auto Mechanic Building (DOD 638) 
Former Vocational-Technical Building (DOD 

658) 
Former Raytheon Hanger (DOD 724) 

DOD 837 
Composites Lab (CL) 

Harbin Hall (HH) 
Residence Hall (RH) 

Technology Center (TC) 
College Center (CC) 

Air 
(Indoor Air)b 

8 Hours* 
 

VOC 
TO-15 Low 

Maximum of 29 
Indoor Air 

Samples, 3 field 
duplicate 

samples, 3 QA 
split samples, 3 

ambient air 
blanks, and a trip 

blank for each 
day in the field. 

Indoor Air 
WP/SAP 

Section 3.3 

WP/SAP  
Section 3.3 

WP/SAP Table 3-2 
Worksheet #17 

*Indoor air Sample duration for Harbin Hall and the Residence Hall will be 24 Hours. 
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QAPP Worksheet #18 
(UFP-QAPP Manual Section 3.1.1) 

Sampling Locations and Methods/SOP Requirements Table (continued) 
 

aSub-Slab Sampling – See Table 3-1 and Figure 1-2 in WP/SAP. 

bIndoor Air Sampling – See Table 3-2 in WP/SAP.  The number of indoor air sampling locations will be determined based upon the sub-slab 
soil vapor results.  Table 3-2 in the WP/SAP presents the sample collection scheme assuming that indoor air samples will be required at all 
buildings. 
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QAPP Worksheet #19 
(UFP-QAPP Manual Section 3.1.1) 

Analytical SOP Requirements Table 
 

Matrix Analytical 
Group 

Concentration 
Level 

Analytical and 
Preparation 

Method / SOP 
Reference1

Sample 
Volume 

Containers 
(number, size, 

and type) 

Preservation 
Requirements 

 (chemical, 
temperature, light 

protected) 

Maximum 
Holding Time 

(preparation / 
analysis) 

Sub-Slab Soil Vapor VOCs Low USEPA TO-15 1 liter 1 liter SummaTM 
canister 

Maintain 
pressure within 

canister 
30 Days 

Indoor Air VOCs Low USEPA TO-15 6 liters 6 liter SummaTM 
canister 

Maintain 
pressure within 

canister 
30 Days 

Columbia’s SOP for USEPA TO-15 is VOA-TO15. 
STL Burlington’s SOP for USEPA TO-15 is LM-AT-TO14/TO15 

1A copy of USEPA TO-15 is provided in Appendix C. 
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QAPP Worksheet #20 
(UFP-QAPP Manual Section 3.1.1) 

Field Quality Control Sample Summary Table 
 

The following table summarizes by matrix, analytical group, and concentration level the number of field QC samples that will be collected and submitted to 

the laboratory. 

Matrix Analytical 
Group 

Conc. 
Level 

Analytical and 
Preparation SOP 

Reference 

No. of 
Sampling 

Locationsa

No. of Field 
Duplicate 

Pairsb

No. of Lab 
Duplicates 

No. of Trip 
Blanks 

No. of 
Ambient 

Air Blanks 
No. of PT 
Samples 

Total No. of 
Samples to 

Lab 

Sub-Slab 
Soil Vapor VOCs Low USEPA TO-15 20 2 2 

One per each 
day in the 

field 
(assumed 5) 

Not 
Applicable 0 29 

Indoor Air VOCs Low USEPA TO-15 29 3 2 

One per each 
day in the 

field 
(assumed 5) 

3 0 42 

PT = Perfomance Testing 
Columbia’s SOP for USEPA TO-15 is VOA-TO15. 
STL Burlington’s SOP for USEPA TO-15 is LM-AT-TO14/TO15. 

aSee WP/SAP Table 3-2 for indoor air.  The number of indoor air sampling locations will be determined based upon the sub-slab soil vapor results.  
Table 3-2 in the WP/SAP presents the sample collection scheme assuming that indoor air samples will be required at all buildings. 

bIn addition to field duplicate samples that will be submitted to the primary analysis lab, quality assurance split samples will be sent to a secondary 
lab. 
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QAPP Worksheet #21 
(UFP-QAPP Manual Section 3.1.2) 

Project Sampling SOP References Table 
 

A complete discussion of sampling procedures and requirements is provided in WP/SAP Section 3.0 and the associated tables, figures and appendices.  

Procedures are presented within the text of the WP/SAP and formalized SOP documents are not provided separately.  Further discussion of sampling 

procedures and requirements will reference the appropriate section of the WP/SAP that addresses the item. 

 

Reference 
Number 

Title, Revision Date and / or 
Number 

Originating 
Organization Equipment Type 

Modified for 
Project Work? 

(Y/N) 
Comments 

WP/SAP 
Section 3.2 

Phase One Investigation – Sub-Slab Soil 
Vapor Sampling BMcD Sub-Slab Soil Vapor Probes 

1 liter SummaTM canister  N 

Section 3.2 of the WP/SAP 
describes the rationale, initial 
building survey, sub-slab soil 
vapor probe construction and 
installation, sub-slab sampling 
procedures, equipment, and 

supplies. 

WP/SAP 
Appendix C 

USEPA Draft Standard Operating 
Procedure (SOP) for Installation of Sub-
Slab Soil Vapor Probes and Sampling 
Using EPA Method TO-15 to Support 

Vapor Intrusion Investigations. 

USEPA Sub-Slab Soil Vapor Probes 
SummaTM canister  

Y 
Leak test 

procedures were 
added. 

This SOP is used in conjunction 
with procedures provided in the 

text of WP/SAP 3.2. 

WP/SAP 
Section 3.3 

Phase Two Investigation – Indoor Air 
Sampling BMcD 6 liter SummaTM canister N 

Section 3.3 of the WP/SAP 
describes the rationale, building 

survey, indoor air sampling 
procedures, and QC samples. 

WP/SAP 
Appendix C 

KDHE Standard Operating Procedure 
BER-33, Procedures for Sampling and 

Analysis of Indoor Air Samples, 12/27/2000 
KDHE 6 liter SummaTM canister N 

This SOP is used in conjunction 
with procedures provided in the 

text of WP/SAP 3.3. 

WP/SAP 
Appendix C 

Instruction for Sampling with Summa 
Canister Columbia SummaTM canister N 

This SOP is used in conjunction 
with procedures provided in the 

text of WP/SAP 3.2 and 3.3. 

WP/SAP 
Section 3.5.2 Chain of Custody Form BMcD Not Applicable N Instructions for completion of the 

COC form. 
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Reference 
Number 

Title, Revision Date and / or 
Number 

Originating 
Organization Equipment Type 

Modified for 
Project Work? 

(Y/N) 
Comments 

WP/SAP 
Section 3.5.3 Sample Identification Nomenclature BMcD Not Applicable N Instructions for development of 

appropriate sample names. 

WP/SAP 
Section 3.5.4 Field Logbook BMcD Not Applicable N Instructions for completion of the 

field logbook. 

WP/SAP 
Section 3.5.5 Field Forms BMcD Not Applicable N Instructions for completion of field 

forms relevant to the project. 

WP/SAP 
Section 3.6 Sample Handling and Shipment BMcD Not Applicable N Instructions for preparation of 

samples for shipment to the lab. 

WP/SAP 
Section 3.7 Sample Location Mapping BMcD Not Applicable N 

Instructions for documenting 
sampling locations within each 

building. 

 

Equipment/Sample Containers Cleaning and Decontamination Procedure 
All equipment that could potentially contact contaminated media will be dedicated and/or disposable.  Therefore no field equipment decontamination will be 

required.  The sub-slab vapor probe installation and sampling will generate small amounts of solid investigation-derived waste (IDW) including, concrete 

dust, gloves, isopropyl alcohol cloths, drill bits, and tubing.  This material will be bagged and disposed of as municipal waste in accordance with applicable 

regulations.  No liquid IDW will be generated. 

The laboratory is responsible for cleaning and decontamination procedures for their equipment.  These procedures are discussed in Columbia’s QAM (see 

Appendix A) and SOPs.  Since Columbia’s SOPs are considered proprietary information, they are not included as attachments to this QAPP; however, a list 

of their SOPs is provided in their QAM.  Similar information is provided for STL Burlington in their QMP (See Appendix B). 
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QAPP Worksheet #22 
(UFP-QAPP Manual Section 3.1.2.4) 

Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
 

Field 
Equipment 

Calibration 
Activity 

Maint. 
Activity 

Testing 
Activity 

Inspection 
Activity Frequency Acceptance 

Criteria 
Corrective 

Action 
Resp. 

Person 
SOP 

Reference 

PID See Operation 
Manual, QAPP 

Appendix D 

See 
Operation 
Manual, 
QAPP 

Appendix D 

See Operation 
Manual, 
QAPP 

Appendix D 

See Operation 
Manual, 
QAPP 

Appendix D 

See Operation 
Manual, 
QAPP 

Appendix D 
and 

WP/SAP 
3.2.4.4 

See Operation 
Manual, QAPP 

Appendix D 

See Operation 
Manual, QAPP 

Appendix D 

FSM Organic Vapor 
Meter (OVM) / 

Datalogger 
Instruction 

Manual 

          
          

Note: The OVM Instruction Manual, provides criteria for calibration, maintenance, testing, and inspection of the instrument (See Appendix D). 

 
Sampling Supply Inspection and Acceptance Procedures 
The FSM will inspect the Summa™ canisters prior to use for obvious damage (dents, faulty seals, etc.).  All flow regulators/particulate filters and vacuum 

gauges will be similarly inspected.  If problems are noted that would potentially impact data quality, the item will be placed out-of-service and a replacement 

device will be obtained from the laboratory. 

It should be noted that the analog vacuum gauges that are supplied by the laboratory for use in the field are intended solely for use in determining if the 

canister was sufficiently evacuated upon receipt from the lab or if a sample has been collected.  Measurements taken using the field gauges are intended to be 

used only for relative comparison with each other and not for comparison with measurements taken at the laboratory.  Readings from these analog field 

instruments are not equivalent to measurements taken using highly-sensitive NIST-traceable digital gauges that are used in a laboratory setting. 

Field Documentation Procedures 
Field documentation procedures are presented in WP/SAP Sections 3.5 and 3.7. 
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QAPP Worksheet #23 
(UFP-QAPP Manual Section 3.2.1) 
Analytical SOP References Table 

 
Sub-slab soil vapor samples and indoor air samples will be collected and submitted to Columbia (primary laboratory) and STL Burlington (QA laboratory) for 

analysis.  Samples will be analyzed for VOCs using USEPA Method TO-15.  At this point in time it is planned that the indoor air samples will be analyzed by 

USEPA TO-15.  If review of the sub-slab soil vapor data indicates that the analyte list will include chemicals for which TO-15 does not provide adequate 

QLs, the analytical method may be changed to USEPA TO-15SIM to achieve lower QLs.  The final determination of the indoor air analyte list and analytical 

method will be addressed in a letter addendum to the WP/SAP that will be provided to USACE-CENWK. 

Columbia’s SOP VOA-TO15 and STL Burlington’s LM-AT-TO14/TO15 detail their procedures for sample preparation and analysis.  Since both laboratories 

consider SOPs proprietary information, they are not included as attachments to this QAPP; however, a copy of USEPA Method TO-15 is provided in 

Appendix C. 

Reference 
Number 

Title, Revision Date, and 
/ or Numbera

Definitive or 
Screening Data Analytical Group Instrument 

Organization 
Performing 

Analysis 

Modified for 
Project Work? 

(Y/N) 

VOA-TO15 

Determination of Volatile 
Organic Compounds in Air 
Samples Collected in 
Specially Prepared Canisters 
and Gas Collection Bags and 
Analyzed by Gas 
Chromatography/Mass 
Spectroscopy (GC/MS), 
Revision 11, December 13, 
2005.   Prepared by 
Columbia. 

Definitive VOC GC/MS Columbia N 

LM-AT-
TO14/TO15 

Volatile Organic Compounds 
(VOCs) in Air by GC/MS, 
EPA Compendium Method 
TO-14 / TO-15, Revision 5, 
April 10, 2006.  Prepared by 
STL Burlington 

Definitive VOC GC/MS STL Burlington N 
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Reference 
Number 

Title, Revision Date, and 
/ or Numbera

Definitive or 
Screening Data Analytical Group Instrument 

Organization 
Performing 

Analysis 

Modified for 
Project Work? 

(Y/N) 
Non-Analytical SOPs used by Laboratory in Support of Analysis 

SMO-CanCert 

Cleaning and Certification of 
Summa Canisters and Other 
Specially Prepared Canisters. 
Prepared by Columbia. 

Not Applicable Not Applicable Not Applicable 

Columbia 
N 

SMO-SMPL_REC 
Sample Receiving, 
Acceptance, and Log-In.  
Prepared by Columbia. 

Not Applicable Not Applicable Not Applicable 
Columbia 

N 

ADM-Smple_SAT 
Laboratory Sample Storage, 
Analysis, and Tracking.  
Prepared by Columbia. 

Not Applicable Not Applicable Not Applicable 
Columbia 

N 

DSP-Sample Waste Disposal.  Prepared by 
Columbia. Not Applicable Not Applicable Not Applicable Columbia N 
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QAPP Worksheet #24 
(UFP-QAPP Manual Section 3.2.2) 

Analytical Instrument Calibration Table 
 

The laboratory is responsible for analytical instrument calibration procedures.  These procedures are expected to meet any requirements established in the 

applicable method (i.e., USEPA Method TO-15).  A general discussion of Columbia’s calibration procedures and frequency is presented in Columbia’s QAM 

(see Appendix A), and specific requirements are detailed in Columbia’s SOP VOA-TO15.  Similar information is provided for STL Burlington in their QMP 

(See Appendix B) and SOP LM-AT-TO14/TO15.  Since the laboratories consider SOPs proprietary information, they are not included as attachments to this 

QAPP.  This worksheet presents general requirements based upon review of the Columbia and STL Burlington SOPs. 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 

GC/MS 
(Columbia) 

See VOA-TO15 
and Initial 
Calibration 

Review 
Checklist in the 
Columbia SOP 

Instrument calibration 
occurs as follows: 
• Instrument set-up 
• After instrument 

maintenance 
• If corrective actions 

do not fix the 
problem. 

Detailed in lab SOP Section 
12.2.1 and Figure 1.  
• RRT within 0.06 RRT units 

of the mean RRT 
• %RSD for each compound 

<30% with up to two 
exceptions <40% 

• IS area for each 
concentration within 40% 
of mean response area 

• Verified with an acceptable 
ICV.  Acceptable ICV 
results are between 70-
130%. 

Detailed in lab SOP 
Section 15.2 and Figure 1. 
• Isolate and correct the 

source of non-linearity.  
(Note:  Initial calibration 
cannot be interrupted by 
maintenance.) 

• If 5 calibration 
standards are in the 
ICAL, one standard may 
be reanalyzed.  If 6 to 
10 calibration standards 
are in the ICAL, two 
calibration standards 
may be reanalyzed. 

• If a point or calibration 
standard is dropped, the 
reason must be 
documented. 

• If maintenance is 
necessary to correct the 
problem, then all 

Lab Analyst Columbia 
VOA-TO15 

QAPP_Final_Wksht_24.doc W24-1 08/22/2006 



Operable Unit One (OU-1) Vapor Intrusion Investigation Final Quality Assurance Project Plan, Version 1 
QAPP Worksheet #24 Former Schilling AFB, Salina, Kansas 

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) 

Person 
Responsible 

for CA 
SOP 

Reference 

calibration points must 
be reanalyzed. 

GC/MS 
(STL 

Burlington) 

See LM-AT-
TO14/TO15 

Instrument calibration 
occurs as follows: 
• Instrument set-up 
• New column 

installed 
• After instrument 

maintenance 
• When CCV 

standard does not 
meet acceptance 
criteria 

Detailed in lab SOP Section 
10.2, 10.3 and Table 3.  
• RRT within 0.06 RRT units 

of the mean RRT 
• %RSD for each compound 

<30% with up to two 
exceptions <40% 

• RT shift for IS at each 
calibration level must be 
within 20 seconds of the 
mean RT over the initial 
calibration range. 

• Verified with an acceptable 
ICV.  Acceptable ICV 
results are between 70-
130%. 

Correct problem, repeat 
calibration 

Lab Analyst STL Burlington 
LM-AT-

TO14/TO15 

ICAL = Initial Calibration 
ICV = Initial Calibration Verification 
IS = Internal Standard 
RRT = Relative Retention Time 
%RSD = Percent Relative Standard Deviation 
RT = Retention Time 
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QAPP Worksheet #25 
(UFP-QAPP Manual Section 3.2.3) 

Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table 
 
The laboratories are responsible for analytical instrument and equipment maintenance, testing, and inspection procedures.  A general discussion of 

Columbia’s instrument and equipment maintenance, testing, and inspection procedures is presented in Columbia’s QAM (see Appendix A), and specific 

requirements are detailed in Columbia’s SOP VOA-TO15.  SOPs have been developed by Columbia to address instrument maintenance issues.  A list of 

relevant SOPs is located in Appendix C to the QAM.  Since Columbia’s SOPS are considered proprietary information, they are not included as attachments to 

this QAPP.  This worksheet prevents a summary of preventative maintenance items relevant to the GC/MS system for Columbia.  Similar activities are 

required for the QA laboratory, STL Burlington (See Appendix B). 

Instrument /  
Equipment 

Maintenance 
Activity 

Testing 
Activity 

Inspection 
Activity Frequency Acceptance 

Criteria 
Corrective 

Action 
Responsible 

Person 
SOP 

Reference 
Concentrating 
Trap 
• Solvent 

cleaning of the 
Silco steel lines 
in valve oven 

• Replacement of 
the multi-
sorbent or 
partial 
replacement of 
the trap 

Not 
Applicable 

Deteriorated 
analyte 

performance is 
noted 

When 
contamination 
is suspected 

Clean blank is 
generated 

Not Applicable. Lab Analyst VOA-TO15 

GC System 
• Clip head of 

column 

Not 
Applicable 

Deterioration of 
peak shapes or 
column bleed is 

noted. 

Periodically, 
when 

problems 
are noted. 

Improved peak 
quality noted. 

If column 
maintenance 

activities do not 
correct problem, 

replace the 
column. 

Lab Analyst VOA-TO15 

GC/MS 

GC System 
• Replace 

Ferrules 

Leak Test Seal is not 
maintained. 

Periodically, 
when 

problems 
are noted. 

Leak test is 
passed.  

Improved peak 
quality noted. 

Replace Ferrules Lab Analyst VOA-TO15 
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Instrument /  
Equipment 

Maintenance 
Activity 

Testing 
Activity 

Inspection 
Activity Frequency Acceptance 

Criteria 
Corrective 

Action 
Responsible 

Person 
SOP 

Reference 
MS 
• Clean mass 

selective 
detector (MSD) 
ion source 

Not 
Applicable 

Difficulty 
keeping the 
MSD in tune 

and/or 
fluctuating IS 

areas are noted. 

Periodically, 
when 

problems 
are noted. 

Improved 
performance 

following 
cleaning is 

noted. 

Not Applicable Lab Analyst VOA-TO15 

MS 
• Service 

Vacuum 
System 

Not 
Applicable 

Inspect 
molecular sieve 

Every 6 
months 

Not Applicable Change Vacuum 
Pump Oil 

Analyst VOA-TO15 

 

Analytical Supply Inspection and Acceptance Procedures 
The laboratories are responsible for maintaining procedures for inspection and acceptance of supplies and materials into their facility.  These procedures are 

discussed in Columbia’s QAM (see Appendix A), STL Burlington’s QMP (see Appendix B), and laboratory SOPs.  Since the laboratories consider SOPs 

proprietary information, they are not included as attachments to this QAPP; however, a list of Columbia’s SOPs is provided in their QAM.  A list of STL 

Burlington’s SOPs is available upon request. 
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QAPP Worksheet #26 
(UFP-QAPP Manual Appendix A) 

Sample Handling System 
 

This worksheet identifies components of the project-specific sample handling system.  Personnel who are primarily responsible for ensuring proper handling, 

custody, and storage of field samples from the time of collection, to laboratory delivery, to final sample disposal are presented on this worksheet.  In addition, 

the number of days that field samples and their extracts/digestates will be archived prior to disposal is provided.  

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  Field Sampling Team, BMcD 

Sample Packaging (Personnel/Organization):  Field Sampling Team, BMcD 

Coordination of Shipment (Personnel/Organization):  Field Site Manager, BMcD 

Type of Shipment/Carrier: Overnight/FedEx 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):  Sample Management Supervisor, Columbia 

Sample Custody and Storage (Personnel/Organization): Sample Management Supervisor, Columbia 

Sample Preparation (Personnel/Organization): Team Leader (VOA GC/MS), Columbia 

Sample Determinative Analysis (Personnel/Organization): Team Leader (VOA GC/MS), Columbia 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  Sample holding time is 30 days. 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  Not Applicable 

Biological Sample Storage (No. of days from sample collection):   Not Applicable 

SAMPLE DISPOSAL 

Personnel/Organization:  Disposal Technician, Columbia and STL Burlington 

Number of Days from Analysis:  10 Days following receipt of final data package. 
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QAPP Worksheet #27 
(UFP-QAPP Manual Section 3.3.3) 

Sample Custody Requirements Table 
 

A complete discussion of sample collection documentation, handling, tracking, and custody procedures 

and requirements is provided in WP/SAP Sections 3.5 through 3.7 and the associated appendices.  

Procedures are presented within the text of the WP/SAP and formalized SOP documents are not provided 

separately.  Further discussion of sample collection documentation, handling, tracking, and custody 

procedures and requirements will reference the appropriate section of the WP/SAP that addresses the 

item. 

Field Sample Custody Procedures (sample collection, packaging, shipment, and 
delivery to the laboratory): 
The following sections in the WP/SAP present the field sampling custody procedures: 

3.5.1 Sample Chain-of-Custody 
3.5.2 Chain-of-Custody Form 
3.6 Sample Handling and Shipment 

Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal): 
Columbia’s custody procedures are discussed in the laboratory’s QAM and associated SOPs.  A copy of 

the QAM is provided in Appendix A.  Similar information is available for the QA laboratory, STL 

Burlington, in their QMP (See Appendix B). 

Sample Identification Procedures: 
The following section in the WP/SAP presents the sample identification procedures: 

3.5.3 Sample Identification Nomenclature 

Chain-of-Custody Procedures: 
The following sections in the WP/SAP present the COC procedures: 

3.5.1 Sample Chain-of-Custody 
3.5.2 Chain-of-Custody Form 

* * * * * 
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QAPP Worksheet #28 
(UFP-QAPP Manual Section 3.4) 

QC Samples Table 
 

QAPP Worksheet #28-1 Sub-slab soil vapor and Indoor Air analysis using TO-15 
 

Matrix Sub-Slab Soil Vapor
Indoor Air 

     

Analytical Group VOCs      
Concentration Level Low         
Sampling SOP Sub-Slab Soil Vapor

WP/SAP Section 3.2
Indoor Air 

WP/SAP Section 3.3

        

Analytical Method /     
 SOP Reference 

USEPA TO-15 
 

        

Sampler’s Name TBD         
Field Sampling 
Organization 

BMcD         

Analytical 
Organization 

Columbia and  
STL Burlington 

        

Number of Sample 
Locations 

20 sub-slab 
Max 29 indoor air 

        

QC Sample Frequency / 
Number 

Method / SOP   
QC Acceptance 

Limits 
Corrective 

Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Method Blank 1 per Batch (20 
samples) 

No target compounds > 
½ QL or >QL for 

common contaminants

Repeat analysis with 
remaining QC 

canisters.  Determine 
if problem is in 

instrument or due to 
blank sample 

container.  Reanalyze 
impacted samples 
once problem is 

corrected 

Analyst Accuracy/Bias – 
Contamination 

No target compounds > ½ QL or 
>QL for common contaminants 
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Matrix Sub-Slab Soil Vapor
Indoor Air 

     

Analytical Group VOCs      
Concentration Level Low         
Sampling SOP Sub-Slab Soil Vapor

WP/SAP Section 3.2
Indoor Air 

WP/SAP Section 3.3

        

Analytical Method /     
 SOP Reference 

USEPA TO-15 
 

        

Sampler’s Name TBD         
Field Sampling 
Organization 

BMcD         

Analytical 
Organization 

Columbia and  
STL Burlington 

        

Number of Sample 
Locations 

20 sub-slab 
Max 29 indoor air 

        

QC Sample Frequency / 
Number 

Method / SOP   
QC Acceptance 

Limits 
Corrective 

Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Laboratory Control 
Sample 

1 per Batch (20 
samples) 

Within laboratory 
acceptance limits.   

 Table 12-1 (Columbia) 
or 

70% < REC < 130% 
(STL Burlington) 

If the problem is 
instrumentation, 

perform maintenance 
and re-analyze.  If the 

problem is a poor 
injection, then re-

analyze. 

Analyst Accuracy/Bias 

REC within limits 
 

Columbia Table 12-1 
STL Burlington 70% <REC< 130%

Laboratory Duplicate 1 per Batch (20 
samples) 

RPD ≤ 25% for each 
target compound 

Perform second 
duplicate analysis.  If 

the results are still 
unacceptable and the 
associated samples 
are not reanalyzed, 

flag the data. 

Analyst Precision RPD ≤ 25% for each target 
compound 

Surrogate Spike Surrogates are spiked 
into each sample 

Surrogate REC should 
be between 70 – 140%

If obvious matrix 
interference problems 

are noted, repeat 
analysis with a 
smaller aliquot. 

Analyst Accuracy/Bias Surrogate REC should be between 
70-140% 
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Matrix Sub-Slab Soil Vapor
Indoor Air 

     

Analytical Group VOCs      
Concentration Level Low         
Sampling SOP Sub-Slab Soil Vapor

WP/SAP Section 3.2
Indoor Air 

WP/SAP Section 3.3

        

Analytical Method /     
 SOP Reference 

USEPA TO-15 
 

        

Sampler’s Name TBD         
Field Sampling 
Organization 

BMcD         

Analytical 
Organization 

Columbia and  
STL Burlington 

        

Number of Sample 
Locations 

20 sub-slab 
Max 29 indoor air 

        

QC Sample Frequency / 
Number 

Method / SOP   
QC Acceptance 

Limits 
Corrective 

Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Trip Blank One submitted with 
each day’s canisters 

No target compounds > 
½ QL or >QL for 

common contaminants

If detections > QL are 
noted, the lab will be 
asked to confirm the 

results if similar 
detections are noted 
in the field samples. 

BMcD Chemist Accuracy/Bias No target compounds > ½ QL or 
>QL for common contaminants 

Field Duplicate 10% of field samples See Figure 12-1 
Evaluation of source 

of deviance.  
Potential resampling.

BMcD Chemist Precision See Figure 12-1 

QA Split Sample 10% of field samples See Figure 12-1 
Evaluation of source 

of deviance.  
Potential resampling.

BMcD Chemist Comparability 
Precision See Figure 12-1 

Mechanical Leak Test Each canister assembly Vacuum maintained for 
10 minutes 

If vacuum cannot be 
maintained, 

discontinue sampling 
activities until leak 

can be identified and 
corrected. 

FSM Representativeness Vacuum maintained for 10 minutes

Chemical Leak Test Each canister assembly
No isopropyl alcohol 
detections > 10% of 

starting concentration 
Reject Data BMcD Chemist Representativeness 

No isopropyl alcohol detections > 
10% of starting concentration 
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Matrix Sub-Slab Soil Vapor
Indoor Air 

     

Analytical Group VOCs      
Concentration Level Low         
Sampling SOP Sub-Slab Soil Vapor

WP/SAP Section 3.2
Indoor Air 

WP/SAP Section 3.3

        

Analytical Method /     
 SOP Reference 

USEPA TO-15 
 

        

Sampler’s Name TBD         
Field Sampling 
Organization 

BMcD         

Analytical 
Organization 

Columbia and  
STL Burlington 

        

Number of Sample 
Locations 

20 sub-slab 
Max 29 indoor air 

        

QC Sample Frequency / 
Number 

Method / SOP   
QC Acceptance 

Limits 
Corrective 

Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Not Applicable Each Sample 
Sample analyzed with 
the applicable method 

holding time 
Reject Data BMcD Chemist Representativeness 

Sample analyzed with the 
applicable method holding time 
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QAPP Worksheet #29 
(UFP-QAPP Manual Section 3.5.1) 

Project Documents and Records Table 
 
Project Reports and Deliverables are described in additional detail in WP/SAP Section 2.2. 

Sample Collection 
Documents and 

Records 

On-Site 
Analysis 

Documents and 
Records 

Off-Site Analysis 
Documents and Records 

Data Assessment Documents 
and Records Other 

Field Notes and Field Forms 
(building questionnaires, 
field data air sampling form, 
indoor air quality/building 
survey) 

Not Applicable Analytical Hard Copy Data 
Packages 

DQCR Interim Sub-Slab Data Report 

COC Records  SEDD 2a electronic deliverable Monthly Progress Reports Vapor Intrusion Report 

Air Bills  Sample Receipt, Custody, and 
Tracking Records 

QCSR (i.e., data validation reports 
included in Interim Sub-Slab Data Report 
and Vapor Intrusion Report) 

 

Custody Seals  Copies of instrument calibration 
records, maintenance records, raw 
data, etc. should be maintained as 
indicated in the lab’s QAM. 

Telephone and Email Logs  

Telephone and Email Logs  TO-15 Initial Calibration Review 
Checklist 

  

Field Forms   TO-15 Data Review Checklist   
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DATA PACKAGE DELIVERABLES 
Sample Collection and Field Measurements Data Package Deliverables 
Field measurements will be collected using a PID.  Information pertaining to equipment maintenance, calibration, and calibration verification of the PID will 

be maintained in the field logbook (See WP/SAP Section 3.5.4). 

On-Site Analytical Data Package Deliverables 
Not applicable.  No on-site analysis is being performed. 

Off-Site Laboratory Data Package Deliverables 
Columbia and STL Burlington are providing the analytical services for the vapor intrusion project (see Worksheet #30).  Sampling events are being conducted 

for sub-slab soil vapor and indoor air as two separate sampling events.  Analytical results will be provided for each phase of the investigation by Columbia 

and STL Burlington within 21 days of receipt of the last sample for each event. 

Laboratory data packages deliverables from Columbia and STL Burlington will include the following information: 

• Case narrative – A case narrative will be provided by the lab to include basic project information and a summary of any analytical 

problems and their resolution. 

• Shipping/Receiving Documents – Shipping/Receiving documents provided by the lab will include airbills, COC forms, and sample 

receipt or log-in sheets. 

• Sample Data/Results – Sample data/results will include the field sample name, its associate lab identification number, method name, 

results for each target analyte with appropriate units, data qualifiers, SQLs for all compounds, and identification of analytical batch. 

• QC Summary Data - QC summary data will be provided for all method blanks, laboratory duplicates, surrogate spikes, and LCS.  

This information will include identification of the analytical batch, its association with the field sample, results for the QC sample, 

acceptance criteria for the QC sample, and identification of any corrective actions that were required. 
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Additional information regarding Columbia’s analytical reports is located in their QAM (See Appendix A).  Similar information for STL Burlington is 

provided in their QMP (See Appendix B). 

DATA REPORTING FORMATS 
Data reporting guidelines for field forms and logbooks is provided in WP/SAP Section 3.5.4.  Copies of field forms for the vapor intrusion investigation are 

provided in WP/SAP Appendix A. 

Analytical data will be provided as both a hard copy and electronic submittal.  The electronic of the analytical data will be provided in SEDD 2a format (See 

www.epa.gov/superfund/programs/clp/sedd.htm).  Data reporting guidelines and relevant forms and checklists for Columbia are provided in their QAM (See 

Appendix A, Section 13.0) and SOPs.  Since Columbia’s SOPs are considered proprietary information, they are not included as attachments to this QAPP; 

however, a list of SOPs is provided in their QAM.  Similar information is provided for STL Burlington in Section 5.9 of their QMP (See Appendix B). 

DATA HANDLING AND MANAGEMENT 
Data recording, transformation, reduction, transfer, and analysis information for Columbia are provided in their QAM (See Appendix A, Section 13.0) and 

SOPs.  Since Columbia’s SOPS are considered proprietary information, they are not included as attachments to this QAPP; however, a list of SOPs is 

provided in their QAM.  Similar information is provided for STL Burlington in Section 5.9 of their QMP (See Appendix B). 

DATA TRACKING AND CONTROL 
The BMcD Project Manager has the overall responsibility for data tracking and control.  These data management activities include record-keeping, tracking, 

document control systems, and data handling to process, compile, analyze, and transmit data. Day-to-day oversight of sampling activities, laboratory 

activities, and data tracking and receipt will be the responsibility of the BMcD Project Manager or a designated project team member. 

All project teams members are responsible for handling data in a manner consistent with procedures listed in WP/SAP Section 3.5 (Chain of 

Custody/Documentation) which includes information pertaining to field logbooks, sample numbering, sample documentation, laboratory assignments, 

documentation (cooler/shipping documentation and filing system), and corrections to documentation. 

* * * * * 
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QAPP Worksheet #30 
(UFP-QAPP Manual Section 3.5.2.3) 

Analytical Services Table 
 

Matrix Analytical 
Group 

Concentration 
Level 

Sample 
Locations/ID 

Number 
Analytical 

SOP 
Data Package 
Turnaround 

Time 

Laboratory / Organization 
(name and address, contact person and  

telephone number) 

QA Split Sample 
Laboratory / 
Organization 

(name and address,  contact 
person and telephone 

number) 

Sub-Slab 
Soil Vapor 

VOCs 
TO-15 

Low See Worksheet 
#18 

USEPA 
TO-15 

21 Days Columbia Analytical Services, Inc. 
2665 Park Center Drive, Ste. D  

Simi Valley, CA 93065  
Phone: (805) 526-7161 
Contact:  Michael Tuday 

STL Burlington 
208 South Park Drive 

Suite 1 
Colchester, VT 05446 

Phone: (802) 655-1203 
Contact: Don Dawicki 

Indoor Air VOCs 
TO-15 

Low See Worksheet 
#18 

USEPA 
TO-15 

21 Days Columbia Analytical Services, Inc. 
2665 Park Center Drive, Ste. D  

Simi Valley, CA 93065  
Phone: (805) 526-7161 
Contact:  Michael Tuday 

STL Burlington 
208 South Park Drive 

Suite 1 
Colchester, VT 05446 

Phone: (802) 655-1203 
Contact: Don Dawicki 

Columbia’s SOP for USEPA TO-15 is VOA-TO15 
STL Burlington’s SOP for USEPA TO-15 is LM-AT-TO14/TO15. 
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QAPP Worksheet #31 
(UFP-QAPP Manual Section 4.1.1) 

Planned Project Assessments Table 
 

Assessment 
Type Frequency 

Internal 
or 

External 

Organization 
Performing 
Assessment 

Person(s) 
Responsible for 

Performing 
Assessment  

(title and organizational 
affiliation) 

Person(s) Responsible 
for Responding to 

Assessment Findings 
 (title and organizational 

affiliation) 

Person(s) 
Responsible for 
Identifying and 
Implementing 

Corrective Actions 
(CA)  

(title and organizational 
affiliation) 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of CA  

(title and organizational 
affiliation) 

DQCR Daily during 
field 

activities 

Internal BMcD FSM Ed Lindgren, BMcD, QC 
Coordinator 

FSM and BMcD QC 
Coordinator 

BMcD QC Coordinator 

Split Sampling 
and Analysis 

Audit 

QA Split 
Samples at 
10% of Sub-

Slab Soil 
Vapor 

Sampling 
Load 

External USACE Sharon Shelton, BMcD, 
Project Chemist 

Ed Lindgren, BMcD, QC 
Coordinator 

Ed Lindgren, BMcD, 
QC Coordinator 

Sharon Shelton, BMcD, 
Chemist 

Split Sampling 
and Analysis 

Audit 

QA Split 
Samples at 

10% of 
Indoor Air 
Sampling 

Load 

External USACE Sharon Shelton, BMcD, 
Project Chemist 

Ed Lindgren, BMcD, QC 
Coordinator 

Ed Lindgren, BMcD, 
QC Coordinator 

Sharon Shelton, BMcD, 
Chemist 

 

 
SPLIT SAMPLING AND ANALYSIS AUDIT 
A split sampling and analysis audit is planned for both phases of the vapor intrusion project.  QA split samples will be collected at a frequency of 

approximately 10 percent and submitted to the primary analysis lab (Columbia) and a QA laboratory (STL Burlington).  A comparison of the data between the 

two laboratories will be performed following the criteria outlined on Figure 12-1. 
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FIELD PERFORMANCE AND SYSTEM AUDIT 
At the present time, no formal field performance and system audits are planned.  However, the BMcD QC Coordinator may schedule audits/reviews of field 

activities at various times to evaluate the execution of sample identification, sample control, COC procedures, field documentation, and sampling operations.  

Audits will be scheduled with the FSM.  The evaluation is based on the extent to which the applicable procedures defined in the WP/SAP and QAPP are 

followed during field operations. 

The person conducting the audit/review will be a senior technical reviewer familiar with technical, procedural, and QC requirements governing field samples.  

The auditor will keep a record of the evaluation using field notes.  Following the audit, the auditor will review preliminary results with the FSM.  The auditor 

will also prepare a brief report containing the results of the evaluation and recommendations for corrective actions. 

PROFICIENCY TESTING SAMPLES 
There are no plans to submit proficiency test samples to the laboratory at this time due to the cost prohibitive nature of obtaining air-matrix proficiency test 

samples.  In addition, NELAP does not have proficiency testing fields of testing for the air matrix or methodology at this time as part of its laboratory 

certification requirements (See www.epa.gov/NELAC/pttables.html). 

* * * * * 
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QAPP Worksheet #32 
(UFP-QAPP Manual Section 4.1.2) 

Assessment Findings and Corrective Action Responses 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) 
Notified of 
Findings  
(name, title, 

organization) 

Timeframe of 
Notification 

Nature of 
Corrective Action 

Response 
Documentation  

Individual(s) 
Receiving 

Corrective Action 
Response  

(name, title, organization) 

Timeframe for 
Response 

Split Sampling 
and Analysis 

Audit 

Written Data 
Comparison Memo 

Robyn Kiefer, 
Project Manager, 
USACE 
Tracy Cooley, 
Project Manager, 
BMcD 
John Logigian, 
Project Manager, 
MP 

One week 
following receipt 

of data 

Letter Sharon Shelton,  
Project Chemist,   

BMcD 

One week 
following receipt 

of letter 

 

 
ASSESSMENT FINDINGS AND CORRECTIVE ACTION RESPONSES 
The findings of any assessments or audits will be provided in a brief report to the BMcD Project Manager.  This brief report will contain the results of the 

evaluation and recommendations for corrective actions.  The BMcD QC Coordinator will be responsible for ensuring that an appropriate response is made 

regarding the audit findings and corrective actions are implemented. 

Corrective actions will be taken when deficiencies are identified.  Corrective actions will be determined based on the specific deficiency and the impact of the 

deficiency on the technical quality of the project.  Since some deficiencies are more serious than others, each deficiency will be reviewed to determine the 

corrective action that is most appropriate.  Factors to be considered in this evaluation include the cause of the deficiency and the impact of the deficiency on 

project goals.  An assessment will be made regarding any effect of the deficiency on project budgets, schedules, and technical adequacy; and the appropriate 

corrective action will be determined. 
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Deficiencies detected during execution of the project will be fully explained to the project team by the BMcD Project Manager, either at the time the 

deficiency is noted or at the scheduled project team meetings.  If possible, deficiencies will be corrected "on-the-spot" in accordance with QC personnel 

direction.  Deficiencies related to health and safety will be corrected immediately to protect worker health and safety.  For deficiencies that have a significant 

impact on the project, an appropriate corrective action will be determined and implemented by the BMcD Project Manager following consultation with the 

MP and USACE-CENWK Project Managers.  QC personnel will document deficiencies and how they are corrected.  The Project Manager will be responsible 

for informing USACE-CENWK and MP of deficiencies through external reporting and direct conversations.  

In the field, the FSM will be responsible for observing field activities and checking the field project team members’ work for completeness, consistency, and 

accuracy.  If a deficiency is noted, the FSM will be responsible for implementing "on-the-spot" corrections, as appropriate, to address the deficiency and to 

minimize future occurrence of a similar deficiency.  If a deficiency cannot be easily corrected "on-the-spot", the FSM will immediately notify the BMcD 

Project Manager so the situation can be fully addressed and resolved.  In the office, Project Team members will be responsible for checking their work 

products prior to submission to the BMcD Project Manager for review.  The BMcD Project Manager will be responsible for reviewing completed work 

products and providing Project Team members with comments, corrections, and revisions. 

* * * * * 
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QAPP Worksheet #33 
(UFP QAPP Manual Section 4.2) 
QA Management Reports Table 

 

Type of Report 
Frequency 

(daily, weekly monthly, 
quarterly, annually, etc.) 

Projected Delivery 
Date(s) 

Person(s) Responsible for 
Report Preparation 

(title and organizational affiliation) 
Report Recipient(s) 

(title and organizational affiliation)

DQCR Daily Daily during field sampling 
activities 

Field Site Manager, BMcD Tracy Cooley, PM, BMcD 
John Logigian, PM, MP 

Robyn Kiefer, PM, USACE 

Monthly Progress Report Monthly 15th of each month Ed Lindgren, QC Coordinator, BMcD 
John Logigian, PM, MP 

Robyn Kiefer, PM, USACE 

Final Interim Data Report Once – after receipt of 
sub-slab soil vapor data 

12/11/2006 Tracy Cooley, Project Manager, BMcD 
Diana Marquez, Technical Lead, BMcD

Robyn Kiefer, PM, USACE 
USACE Center for Expertise 

John Logigian, PM, MP 

Final Vapor Intrusion Report Once – after receipt of 
indoor air sample data 

06/11/2007 Tracy Cooley, Project Manager, BMcD 
Diana Marquez, Technical Lead, BMcD

Robyn Kiefer, PM, USACE 
Leo Henning, KDHE 

Ken Rapplean, USEPA 
Restoration Advisory Board 

John Logigian, PM, MP 

See also WP/SAP Section 2.2 

 
QA MANAGEMENT REPORTS 
Periodic QA management reports are planned to update project team members on project status and the result of QA assessments.  The following QA 

Management Reports are being developed for the project: 

• DQCRs – WP/SAP Section 2.2.1 

• Monthly Progress Reports – WP/SAP Section 2.2.2 

• QCSR – WP/SAP Section 3.4 
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FINAL PROJECT REPORT 
A Final Vapor Intrusion Report will be submitted as indicated in WP/SAP Section 2.2.4.  In addition to the content listed in WP/SAP Section 2.2.4, this report 

will include a discussion of conformance to procedures and any major problems encountered during the project and their resolution.  Additionally, a data 

usability assessment will be provided in the Final Vapor Intrusion Report. 

* * * * * 
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QAPP Worksheet #34 
(UFP-QAPP Manual Section 5.2.1) 
Verification (Step I) Process Table 

 
This worksheet and text describes the processes that will be followed to verify project data.  Internal or external is in relation to the data generator.   

Verification Input Description Internal /  
External 

Responsible for Verification 
(name, organization) 

COC and Shipping Forms COC and shipping forms will be reviewed by the field site manager 
upon their completion.  The documents will be verified against the 
sample shipment.  See WP/SAP Sections 3.5.1, 3.5.2, and 3.6 for 
more information. 

I FSM, BMcD 

DQCR DQCRs will be reviewed by the QC Coordinator for completeness 
and correctness prior to submittal to USACE-CENWK and MP.  See 
WP/SAP Section 2.2.1 for more information. 

I Tracy Cooley, Project Manager, 
BMcD 

Field Notes and Field Forms Field Notes will be reviewed internally and placed in the project file.  
See WP/SAP Sections 3.5.4 and 3.5.5 for more information. 

I Ed Lindgren, QC Coordinator, BMcD 

Laboratory Data Lab data packages will be reviewed by Columbia internally for 
completeness and accuracy prior to submittal. 
 
Data packages will be reviewed externally according to data 
validation procedures established in the QAPP (See Worksheets #35 
and #36) 

I 
 
 

E 

Data Validation Coordinator, 
Columbia 
 
 
Sharon Shelton, Project Chemist, 
BMcD 

 

 
Step I – Verification 
Data Review Step I is called Verification.  Verification includes a review for completeness and that all data required for the project is available. 

The laboratory performs verification of data prior to its release to the customer.  Columbia’s data verification procedures are described in Section 13.3 of their 

QAM (See Appendix A) and is similar in content to three levels of data verification indicated in DoD QSM Box 42.  Similar information for STL Burlington 

is provided in Section 5.3.6 of their QMP (See Appenix B). 
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Verification requires knowledge of the type of information that is reviewed.  Therefore, a person familiar with field activities, such as the FSM or site 

geologist, is typically assigned to the review of field activities, documents, and records.  Likewise, a person familiar with analytical methodology, such as a 

chemist, is typically assigned to the review of laboratory documents and records. 

BMcD evaluates data quality through the evaluation of both field and laboratory QC data.  Verification is initiated at the time of first sample collection.  Field 

documents are reviewed by the FSM or a designee to determine that all samples and analyses were appropriately collected, containerized, labeled, and 

submitted to the laboratory.  These items will be verified daily during sampling activities.  Additionally, the project chemist or designee will be in 

communication with the lab during sample collection and analysis to verify condition of sample receipt, appropriate sample log-in, etc.  If problems are noted 

at this point, they can easily be corrected or locations resampled, if needed, while the field crews are still mobilized. 

* * * * * 
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QAPP Worksheet #35 
(UFP-QAPP Manual Section 5.2.2) 

Validation (Steps IIa and IIb) Process Table 
 

This worksheet describes the processes that will be followed to validate project data.  Validation inputs include items such as those listed in Table 9 of USP-

QAPP Manual (Section 5.1).  It describes how each item will be validated, when the activity will occur, what documentation is necessary, and the identity of 

the person responsible.  It also differentiates between the Steps IIa and IIb of validation. 

Step IIa / IIb Validation Input Description Responsible for Validation 
(name, organization) 

IIa SOPs Ensure that sampling and analytical SOPs were followed. Sharon Shelton, Project Chemist, 
BMcD 

IIa Analytical QC 
Sample Data 

Verify that all method-required QC samples were analyzed, and results met 
the method requirements. 

Sharon Shelton, Project Chemist, 
BMcD 

IIb Field QC Sample 
Data 

Verify that all QAPP-required QC samples were analyzed, and results met 
the QAPP requirements. 

Sharon Shelton, Project Chemist, 
BMcD 

IIb QLs Verify that the sample results met the project QLs specified in the QAPP. Sharon Shelton, Project Chemist, 
BMcD 
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QAPP Worksheet #36 
(UFP-QAPP Manual Section 5.2.2) 

Validation (Steps IIa and IIb) Summary Table 
 

This worksheet and text identifies the matrices, analytical groups, and concentration levels that each entity performing validation will be responsible for, as 

well as criteria that will be used to validate those data. 

Step IIa / IIb Matrix Analytical Group Concentration 
Level Validation Criteria 

Data Validator 
(title and 

organizational 
affiliation) 

IIa Sub-Slab Soil Vapor VOCs by USEPA 
TO-15 Low 

USACE – CENWK 
Data Quality Evaluation 
Guidance (see QAPP 

Appendix E) 
USEPA Method TO-15 

Sharon Shelton, Project 
Chemist, BMcD 

IIa Indoor Air VOCs by USEPA 
TO-15 Low 

USACE – CENWK 
Data Quality Evaluation 
Guidance (see QAPP 

Appendix E) 
USEPA Method TO-15 

Sharon Shelton, Project 
Chemist, BMcD 

IIb Sub-Slab Soil Vapor VOCs by USEPA 
TO-15 Low 

QAPP Worksheets #12, 
15, 20, 23, 24, 25, and 

28 

Sharon Shelton, Project 
Chemist, BMcD 

IIb Indoor Air VOCs by USEPA 
TO-15 Low 

QAPP Worksheets #12, 
15, 20, 23, 24, 25, and 

28 

Sharon Shelton, Project 
Chemist, BMcD 
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STEP II – VALIDATION 
Validation includes evaluating compliance with method, procedure, or contract requirements and extends into evaluating the data against MPC that were 

established in the QAPP.  The results of data validation will be documented in QCSRs that will be included in the Interim Data Report for sub-slab soil vapor 

sampling and the Vapor Intrusion Report for indoor air sampling. 

QAPP Worksheet #12 provided a discussion of the DQIs (precision, accuracy/bias, sensitivity, representativeness, comparability, and completeness) that will 

be evaluated as part of validation.  The quality of the data will be assessed through evaluation of the results of the field QC samples (trip blanks, field 

duplicates, and QA split samples) and laboratory internal QC samples (method blanks, surrogates, lab duplicates, and LCSs).  Data qualifiers, when 

appropriate, will be added to the data in accordance with the Kansas City District Data Quality Evaluation Guidance (USACE, 2006), which is provided in 

Appendix E.  A brief summary is presented in the following paragraphs: 

• Precision – Precision will be evaluated by calculating the RPD for field duplicates, QA split samples, and laboratory duplicate samples 

and/or comparison of data to criteria indicated on Figure 12-1.  Precision criteria outside of QC limits may result in qualification of data 

as estimated (J). 

• Accuracy/Bias – Accuracy will be assessed by evaluating the results of spiked samples for REC and blank samples for potential 

contamination of samples.  REC results for spike samples (surrogates and LCS) will be used to assign qualifiers to analytical data.  A 

REC above QC limits suggests the possibility of high bias in the analytical results.  A REC below QC limits suggests the possibility of 

low biased or false negative analytical results.  Data will be qualified as estimated (J) or rejected (R) based upon the magnitude of the 

deviance from QC limits. 

 Blank samples will be used to evaluate whether field samples have been cross-contaminated during shipping or handling.  Detections in 

blank samples indicate the potential for high-biased or false positive data.  Data will be qualified as undetected (U) or estimated (J) based 

upon the magnitude of the blank detection relative to the result in the field sample. 
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• Representativeness – Representativeness will be assessed by examining sample preservation, leak testing, results of the precision and 

accuracy evaluation, and adherence to method holding time.  Failure of field or laboratory personnel to properly handle samples may 

result in qualification of the data as estimated or unusable.  The representativeness review will qualitatively consider whether precision 

and/or accuracy are sufficient to characterize the samples.  Analytical data for samples that are not analyzed within holding times will be 

qualified rejected (R) as indicated in Appendix E. 

• Completeness – Completeness will be assessed by calculation of field completeness and laboratory completeness as presented on 

Worksheet #12. 

• Comparability – Comparability will be assessed by evaluating QA split sample data as presented on Worksheet #12. 

Step IIa Validation Activities 
Step IIa validation includes evaluation of the data with MPC that were established for the applicable method and SOP.  Information regarding MPC are 

presented on Worksheets #12, #15, #20, #23, #24, #25, and #28.  Following receipt of the analytical data packages, the Step IIa validation will include review 

of the following items: 

• Sample analysis occurred within holding time 

• Method blank results 

• Laboratory Duplicates 

• Surrogate Recovery 

• LCS Recovery 

Data qualifiers, when appropriate, will be added to the data in accordance with recommendations in the Kansas City District Data Quality Evaluation 

Guidance (USACE-CENWK, 2006), which is provided in Appendix E. 

QAPP_Final_Wksht_36.doc W36-3 08/22/2006 



Operable Unit One (OU-1) Vapor Intrusion Investigation Final Quality Assurance Project Plan, Version 1 
QAPP Worksheet #36 Former Schilling AFB, Salina, Kansas 

Step IIb Validation Activities 
Step IIb validation includes evaluation of the data with MPC that were established in the QAPP.  Information regarding MPC are presented on Worksheets 

#12, #15, #20, #23, #24, #25, and #28 in Appendix A.  Following receipt of the analytical data packages, the Step IIb validation will include review of the 

following items: 

• Requested analyses performed using QAPP-specified method 

• Trip Blanks 

• Chemical leak test results 

• Field Duplicates 

• Achievement of project-required QLs 

• Field and Laboratory Completeness 

• Comparability of QA Split Samples 

Data qualifiers, when appropriate, will be added to the data in accordance with the Kansas City District Data Quality Evaluation Guidance (USACE-

CENWK, 2006), which is provided in Appendix E. 

QAPP_Final_Wksht_36.doc W36-4 08/22/2006 



Operable Unit One (OU-1) Vapor Intrusion Investigation  Final Quality Assurance Project Plan, Version 1 
QAPP Worksheet #37 Former Schilling AFB, Salina, Kansas 

QAPP Worksheet #37 
(UFP-QAPP Manual Section 5.2.3) 

Usability Assessment 
 

Data review extends beyond method, procedural, and contractual compliance to determine the quality of 

the data set and the types of uncertainty introduced by a failure to meet requirements.  It includes a 

determination, where possible, of the reasons for any failure to meet requirements, and an evaluation of 

the impact of the failure upon the overall data set.  In this manner, the effect of any data rejection is 

presented in terms of its impacts on the overall uncertainty and usability of the data set. 

DQIs of precision, accuracy/bias, sensitivity, representativeness, comparability, and completeness provide 

important information regarding the overall usability of the data.  If DQIs do not meet the requirements as 

outlined (See QAPP Worksheet #12) or problems are noted with sample collection, the data may be 

discarded and re-sampling may occur.  The BMcD Project Manager will make this decision after 

consultation with the other key project personnel. 

Summarize the usability assessment process and all procedures, including 
interim steps any statistics, equations, and computer algorithms that will be 
used: 
See QAPP Worksheet #12 for discussion of calculation/evaluation of data quality indicators of precision, 

accuracy/bias, sensitivity, comparability, completeness, and representativeness. 

Describe the evaluative procedures used to assess overall measurement error 
associated with the project: 
After data validation activities have been completed, the data usability assessment will be performed by a 

team of personnel BMcD, including the Project Manager, Project Chemist, Technical Lead, and QC 

Coordinator.  This team will perform a global review of the findings to determine overall usability of the 

data set for its intended purpose.  It is at this point that a final analysis of the data is made, taking into 

consideration the following: 

• Sample collection – Were problems encountered during sample collection that suggest samples 

were potentially compromised?  If so, what is the impact? 

• Suitability of methodology - Based upon the chemical data validation, were significant precision 

or bias problems noted with the data?  Were significant matrix interference problems noted? 
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• Adequacy of reporting limits - Was excessive sample dilution required due to interference or 

presence of elevated concentrations of target or nontarget compounds?  If so, does this adversely 

impact the ability to draw conclusions regarding any undetected constituents? 

• Reasonableness of QC limits – Do the initially established control limits for DQIs still seem 

appropriate for the data set?   If not, is the data exhibiting higher variability than assumed during 

project planning? 

• Patterns in qualified data – Are patterns evident in the type of samples or analyses that required 

qualification during validation?  Do these patterns suggest overall problems in one area or for a 

particular type of analysis? 

Identify the personnel responsible for performing the usability assessment: 
The data usability assessment will be performed by a team of personnel at BMcD.  Tracy Cooley, Project 

Manager, will oversee the usability assessment.  Supporting team members include:  Sharon Shelton, 

Project Chemist; Diana Marquez, Technical Lead; and Ed Lindgren, QC Coordinator. 

Describe the documentation that will be generated during usability assessment 
and how usability assessment results will be presented so that they identify 
trends, relationships (correlations), and anomalies: 
The results of the usability assessment will be documented in within a section of the Final Vapor 

Intrusion Report. 

* * * * * 
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METHOD TO-15

Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/

Mass Spectrometry (GC/MS)

1.  Scope

1.1  This method documents sampling and analytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included in the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990.  VOCs are defined here as organic compounds having a vapor pressure
greater than 10  Torr at 25EC and 760 mm Hg.  Table 1 is the list of the target VOCs along with their CAS-1

number, boiling point, vapor pressure and an indication of their membership in both the list of VOCs covered
by Compendium Method TO-14A (1) and the list of VOCs in EPA's Contract Laboratory Program (CLP)
document entitled:  Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2).

Many of these compounds have been tested for stability in concentration when stored in specially-prepared
canisters (see Section 8) under conditions typical of those encountered in routine ambient air analysis.  The
stability of these compounds under all possible conditions is not known. However, a model to predict compound
losses due to physical adsorption of VOCs on canister walls and to dissolution of VOCs in water condensed in
the canisters has been developed (3).  Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (i.e., losses
occurring over minutes to hours).  Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses.  Chemical reactions between VOCs and substances
inside the canister are generally assumed to cause the gradual decrease of concentration over time (i.e., long term
losses over days to weeks).  Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also
exist.  No models are currently known to be available to estimate and characterize all these potential losses,   

although a number of experimental observations are referenced in Section 8.  Some of the VOCs listed in Title
III have short atmospheric lifetimes and may not be present except near sources. 

1.2  This method applies to ambient concentrations of VOCs above 0.5 ppbv and typically requires VOC
enrichment by concentrating up to one liter of a sample volume.  The VOC concentration range for ambient air
in many cases includes the concentration at which continuous exposure over a lifetime is estimated to constitute
a 10  or higher lifetime risk of developing cancer in humans.  Under circumstances in which many hazardous-6

VOCs are present at 10  risk concentrations, the total risk may be significantly greater.-6

1.3  This method applies under most conditions encountered in sampling of ambient air into canisters.  However,
the composition of a gas mixture in a canister, under unique or unusual conditions, will change so that the sample
is known not to be a true representation of the ambient air from which it was taken.  For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the humidity were higher. If the canister is pressurized, then condensation of water from high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
in competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas.  Fortunately, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).

1.4  Use of the Compendium Method TO-15 for many of the VOCs listed in Table 1 is likely to present two
difficulties: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how
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to obtain an audit standard.  In certain cases a chemical similarity exists between a thoroughly tested compound
and others on the Title III list.  In this case,  what works for one is likely to work for the other in terms of making
standards.  However, this is not always the case and some compound standards will be troublesome.  The reader
is referred to the Section 9.2 on standards for guidance.  Calibration of compounds such as formaldehyde,
diazomethane, and many of the others represents a challenge.

1.5  Compendium Method TO-15 should be considered for use when a subset of the 97 Title III VOCs constitute
the target list.  Typical situations involve ambient air testing associated with the permitting procedures for
emission sources.  In this case sampling and analysis of VOCs is performed to determine the impact of dispersing
source emissions in the surrounding areas.  Other important applications are prevalence and trend monitoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.  

1.6  Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packings, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings.  The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator.  Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lieu of collection in canisters or on solid adsorbents.

2.  Summary of Method

2.1  The atmosphere is  sampled by introduction of  air into a specially-prepared stainless steel canister.  Both
subatmospheric pressure and pressurized sampling modes use an initially evacuated canister.  A pump ventilated
sampling line is used during sample collection with most commercially available samplers.  Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister.  A sample of air is drawn through
a sampling train comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister.

2.2  After the air sample is collected, the canister valve is closed, an identification tag is attached to the canister,
and the canister is transported to the laboratory for analysis.

2.3  Upon receipt at the laboratory, the canister tag data is recorded and the canister is stored until analysis.
Storage times of up to thirty days have been demonstrated for many of the VOCs (5).  

2.4  To analyze the sample, a known volume of sample is directed from the canister through a solid multisorbent
concentrator.  A portion of the water vapor in the sample breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors.  Water content of
the sample can be further reduced by dry purging the concentrator with helium while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained in a carrier
gas stream, and then focused in a small volume by trapping on a reduced temperature trap or small volume
multisorbent trap.  The sample is then released by thermal desorption and carried onto a gas chromatographic
column for separation.

As a simple alternative to the multisorbent/dry purge water management technique, the amount of water vapor
in the sample can be reduced below any threshold for affecting the proper operation of the analytical system by
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reducing the sample size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatographic column. The reduction in sample volume may require an enhancement of detector
sensitivity.

Other water management approaches are also acceptable as long as their use does not compromise the attainment
of the performance criteria listed in Section 11.  A listing of some commercial water management systems is
provided in Appendix A.  One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap.  

2.5  The analytical strategy for Compendium Method TO-15 involves using a high resolution gas chromatograph
(GC) coupled to a mass spectrometer.  If the mass spectrometer is a linear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select ion
monitoring mode (SIM) of compounds on the target list.  If the mass spectrometer is based on a standard ion trap
design, only a scanning mode is used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode).  Mass spectra for individual peaks in the total ion chromatogram are examined with
respect to the fragmentation pattern of ions corresponding to various VOCs including the intensity of primary
and secondary ions.  The fragmentation pattern is compared with stored spectra taken under similar conditions,
in order to identify the compound.  For any given compound, the intensity of the primary fragment is compared
with the system response to the primary fragment for known amounts of the compound. This establishes the
compound concentration that exists in the sample.

Mass spectrometry is considered a more definitive identification technique than single specific detectors such as
flame ionization detector (FID), electron capture detector (ECD), photoionization detector (PID), or a
multidetector arrangement of these (see discussion in Compendium Method TO-14A).  The use of both gas
chromatographic retention time and the generally unique mass fragmentation patterns reduce the chances for
misidentification.  If the technique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs is further enhanced.  

3.  Significance

3.1  Compendium Method TO-15 is significant in that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:

• Compendium Method TO-15 incorporates a multisorbent/dry purge technique or equivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
in Title III of the CAAA of 1990) than addressed by Compendium Method TO-14A.  Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs.

• Compendium Method TO-15 uses the GC/MS technique as the only means to identify and quantitate target
compounds.  The GC/MS approach provides a more scientifically-defensible detection scheme which is
generally more desirable than the use of single or even multiple specific detectors.

• In addition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,
allowing the use of alternate but equivalent sampling and analytical equipment.  There are several new and
viable commercial approaches for water management as noted in Appendix A of this method on which to
base a VOC monitoring technique as well as other approaches to sampling (i.e., autoGCs and solid
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adsorbents) that are often used.  This method lists performance criteria that these alternatives must meet
to be acceptable alternatives for monitoring ambient VOCs.

• Finally, Compendium Method TO-15 includes enhanced provisions for inherent quality control.  The
method uses internal analytical standards and frequent verification of analytical system performance to
assure control of the analytical system.  This more formal and better documented approach to quality
control guarantees a higher percentage of good data.

3.2  With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than
Compendium Method TO-14A.  As such, the method can be applied with a higher confidence to reduce the
uncertainty in risk assessments in environments where the hazardous volatile gases listed in the Title III of the
Clean Air Act Amendments of 1990 are being monitored.  An emphasis on risk assessments for human health
and effects on the ecology is a current goal for the U.S. EPA.

4.  Applicable Documents

4.1  ASTM Standards

• Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.
• Method E260 Recommended Practice for General Gas Chromatography Procedures.
• Method E355 Practice for Gas Chromatography Terms and Relationships.
• Method D5466 Standard Test Method of Determination of Volatile Organic Compounds in

Atmospheres (Canister Sampling Methodology).

4.2  EPA Documents

• Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994.

• Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983. 

• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:  Method
TO-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.

• Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, U. S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., Draft Report, June 1990.

• Clean Air Act Amendments of 1990, U. S. Congress, Washington, D.C., November 1990.

5.  Definitions

[Note:  Definitions used in this document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E355.  Aside from the definitions given below,
all pertinent abbreviations and symbols are defined within this document at point of use.]

5.1  Gauge Pressure—pressure measured with reference to the surrounding atmospheric pressure, usually
expressed  in units of kPa or psi.  Zero gauge pressure is equal to atmospheric (barometric) pressure.
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5.2  Absolute Pressure—pressure measured with reference to absolute zero pressure, usually expressed in units
of kPa, or psi.

5.3  Cryogen—a refrigerant used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column.  Typical cryogens are liquid nitrogen (bp -195.8EC),  liquid argon (bp -185.7EC), and
liquid CO  (bp -79.5EC ).2

5.4  Dynamic Calibration—calibration of an analytical system using calibration gas standard concentrations
in a form identical or very similar to the samples to be analyzed and by introducing such standards into the inlet
of the sampling or analytical system from a manifold through which the gas standards are flowing.

5.5  Dynamic Dilution—means of preparing calibration mixtures in which standard gas(es) from pressurized
cylinders are continuously blended with humidified zero air in a manifold so that a flowing stream of calibration
mixture is available at the inlet of the analytical system.

5.6  MS-SCAN—mass spectrometric mode of operation in which the gas chromatograph (GC) is coupled to a
mass spectrometer (MS) programmed to SCAN all ions repeatedly over a specified mass range.

5.7  MS-SIM—mass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of ions repeatedly [i.e., selected ion monitoring (SIM) mode].

5.8  Qualitative Accuracy—the degree of measurement accuracy required to correctly identify compounds with
an analytical system.

5.9  Quantitative Accuracy—the degree of measurement accuracy required  to correctly measure the
concentration of an identified compound with an analytical system with known uncertainty.

5.10  Replicate Precision—precision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance criteria for replicate precision).

5.11  Duplicate Precision—precision determined from the analysis of two samples taken from the same canister.
The duplicate precision is determined as the absolute value of the difference between the canister analyses divided
by their average value and expressed as a percentage.  

5.12  Audit Accuracy—the difference between the analysis of a sample provided in an audit canister and the
nominal value as determined by the audit authority, divided by the audit value and expressed as a percentage (see
Section 11 for performance criteria for audit accuracy).

6.  Interferences and Contamination

6.1  Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC column in a small volume of carrier
gas.  Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
head of the gas chromatographic column, mitigates this problem.
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6.2  Interferences in canister samples may result from improper use or from contamination of:  (1) the canisters
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
system.  Attention to the following details will help to minimize the possibility of contamination of canisters.

6.2.1  Canisters should be manufactured using high quality welding and cleaning techniques, and new
canisters should be filled with humidified zero air and then analyzed, after “aging” for 24 hours, to determine
cleanliness.  The cleaning apparatus, sampling system, and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination.

6.2.2  Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compromise of the sample.

6.2.3  Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contamination problems.  The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks.  The use of non-chromatographic grade stainless
steel tubing, non-PTFE thread sealants, or flow controllers with Buna-N rubber components must be avoided.

6.2.4  Significant contamination of the analytical equipment can occur whenever samples containing high
VOC concentrations are analyzed.  This in turn can result in carryover contamination in subsequent analyses.
Whenever a high concentration (>25 ppbv of a trace  species) sample is encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination. 

6.2.5  In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should
be tested to identify artifact formation (see Compendium Method TO-17 for more information on artifacts).

7.  Apparatus and Reagents

[Note:  Compendium Method To-14A list more specific requirements for sampling and analysis apparatus
which may be of help in identifying options.  The listings below are generic.]

7.1  Sampling Apparatus

[Note:  Subatmospheric pressure and pressurized canister sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations (TAMS),
Urban Air Toxic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).]

7.1.1  Subatmospheric Pressure (see Figure 1, without metal bellows type pump).
7.1.1.1  Sampling Inlet Line.  Stainless steel tubing to connect the sampler to the sample inlet.
7.1.1.2  Sample Canister.  Leak-free stainless steel pressure vessels of desired volume (e.g., 6 L), with

valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters).

7.1.1.3  Stainless Steel Vacuum/Pressure Gauges.  Two types are required, one capable of measuring
vacuum (–100 to 0 kPa  or 0 to - 30 in Hg) and pressure (0–206 kPa or 0–30 psig) in the sampling system and
a second type (for checking the vacuum of canisters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%.  Gauges should be tested clean and leak tight.  

7.1.1.4  Electronic Mass Flow Controller.  Capable of maintaining a constant flow rate (± 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20–40EC) and humidity.

7.1.1.5  Particulate Matter Filter.  2-Fm sintered stainless steel in-line filter.
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7.1.1.6  Electronic Timer.  For unattended sample collection.
7.1.1.7  Solenoid Valve.  Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A

Skinner Magnelatch valve is used for purposes of illustration in the text (see Figure 2).
7.1.1.8  Chromatographic Grade Stainless Steel Tubing and Fittings.  For interconnections. All such

materials in contact with sample, analyte, and support gases prior to analysis should be chromatographic grade
stainless steel or equivalent.

7.1.1.9  Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure. 

7.1.1.10  Heater Thermostat.  Automatically regulates heater temperature.
7.1.1.11  Fan.  For cooling sampling system.
7.1.1.12  Fan Thermostat.  Automatically regulates fan operation.
7.1.1.13  Maximum-Minimum Thermometer.  Records highest and lowest temperatures during sampling

period.
7.1.1.14  Stainless Steel Shut-off Valve.  Leak free, for vacuum/pressure gauge.
7.1.1.15  Auxiliary Vacuum Pump.  Continuously draws air through the inlet manifold at 10 L/min. or

higher flow rate.  Sample is extracted from the manifold at a lower rate, and excess air is exhausted. 

[Note:  The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walls.]

7.1.1.16  Elapsed Time Meter.  Measures duration of sampling.
7.1.1.17  Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve.  May be used in lieu

of the electronic flow controller for grab samples or short duration time-integrated samples.  Usually appropriate
only in situations where screening samples are taken to assess future sampling activity.

7.1.2  Pressurized (see Figure 1 with metal bellows type pump and Figure 3).
7.1.2.1  Sample Pump.  Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.

Pump must be free of leaks, clean, and uncontaminated by oil or organic compounds. 

[Note:  An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3.  This flow system uses, in order, a pump, a mechanical flow regulator, and a
mechanical compensation flow restrictive device.  In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuum pump to flush the sample inlet.]  

7.1.2.2  Other Supporting Materials.  All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through 7.1.1.17.

7.2  Analytical Apparatus

7.2.1  Sampling/Concentrator System (many commercial alternatives are available).
7.2.1.1  Electronic Mass Flow Controllers.  Used to maintain constant flow (for purge gas, carrier gas

and sample gas) and to provide an analog output to monitor flow anomalies.
7.2.1.2  Vacuum Pump.  General purpose laboratory pump, capable of reducing the downstream pressure

of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample
air.

7.2.1.3  Stainless Steel Tubing and Stainless Steel Fittings.  Coated with fused silica to minimize active
adsorption sites.
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7.2.1.4  Stainless Steel Cylinder Pressure Regulators.  Standard, two-stage cylinder regulators with
pressure gauges. 

7.2.1.5  Gas Purifiers.  Used to remove organic impurities and moisture from gas streams. 
7.2.1.6  Six-port Gas Chromatographic Valve.  For routing sample and carrier gas flows.
7.2.1.7  Multisorbent Concentrator.  Solid adsorbent packing with various retentive properties for

adsorbing trace gases are commercially available from several sources.  The packing contains more than one type
of adsorbent packed in series.  

7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)
and 50 mg Carbosieve S-III (60/80 mesh) has been found to retain VOCs and allow some water vapor to pass
through (6).  The addition of a dry purging step allows for further water removal from the adsorbent trap.  The
steps constituting the dry purge technique that are normally used with multisorbent traps are illustrated in
Figure 4.  The optimum trapping and dry purging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry nitrogen purge of 1300 mL. Sample trapping and drying is carried out at 25EC.  The trap is
back-flushed with helium and heated to 220EC to transfer material onto the GC column.  A trap bake-out at
260EC for 5 minutes is conducted after each run.  

7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case is Tenax/Ambersorb 340/Charcoal (7).  Approximately 20% of the initial water content in the sample
remains after sampling 500 mL of air.  The detector response to water vapor (hydrogen atoms detected by atomic
emission detection) is plotted versus purge gas volume.  Additional water reduction by a factor of 8 is indicated
at temperatures of 45EC or higher.  Still further water reduction is possible using a two-stage concentration/dryer
system.  

7.2.1.8  Cryogenic Concentrator.  Complete units are commercially available from several vendor
sources.  The characteristics of the latest concentrators include a rapid, "ballistic" heating of the concentrator to
release any trapped VOCs into a small carrier gas volume.  This facilitates the separation of compounds on the
gas chromatographic column.  

7.2.2  Gas Chromatographic/Mass Spectrometric (GC/MS) System.
7.2.2.1  Gas Chromatograph.  The gas chromatographic (GC) system must be capable of temperature

programming.  The column oven can be cooled to subambient temperature (e.g., -50EC) at the start of the gas
chromatographic run to effect a resolution of the very volatile organic compounds.  In other designs, the rate of
release of compounds from the focusing trap in a two stage system obviates the need for retrapping of compounds
on the column.  The system must include or be interfaced to a concentrator and have all required accessories
including analytical columns and gases.  All GC carrier gas lines must be constructed from stainless steel or
copper tubing.  Non-polytetrafluoroethylene (PTFE) thread sealants or flow controllers with Buna-N rubber
components must not be used.  

7.2.2.2  Chromatographic Columns.  100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25- to 0.53-mm I.D. of varying lengths are recommended for separation of many
of the possible subsets of target compounds involving nonpolar compounds.  However, considering the diversity
of the target list, the choice is left to the operator subject to the performance standards given in Section 11.

7.2.2.3  Mass Spectrometer.  Either a linear quadrupole or ion trap mass spectrometer can be used as long
as it is capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact ionization mode, and producing a mass spectrum which meets all the instrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) is analyzed.  

7.2.2.3.1Linear Quadrupole Technology.  A simplified diagram of the heart of the quadrupole mass
spectrometer is shown in Figure 6.  The quadrupole consists of a parallel set of four rod electrodes mounted in
a square configuration.  The field within the analyzer is created by coupling opposite pairs of rods together and
applying radiofrequency (RF) and direct current (DC) potentials between the pairs of rods.  Ions created in the
ion source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the influence of the generated field.  Ions which are successfully transmitted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential is zero, a wide band of m/z values is transmitted through the quadrupole.  This "RF only"
mode is referred to as the "total-ion" mode.  In this mode, the quadrupole acts as a strong focusing lens analogous
to a high pass filter.  The amplitude of the RF determines the low mass cutoff.  A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the
frequency and holding the DC and RF constant.  With the quadrupole system only 0.1 to 0.2 percent of the ions
formed in the ion source actually reach the detector.  

7.2.2.3.2Ion Trap Technology.  An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
(the two end-cap electrodes).  Ions are created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps.  Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field.  This field is uncoupled in three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the ion from the center of the field
but the direction of the force depends on the instantaneous voltage applied to the ring electrode.  A restoring force
along one coordinate (such as the distance, r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordinate (such as the distance, z, along the ion traps axis), and if the field
were static the ions would eventually strike an electrode.  However, in an RF field the force along each coordinate
alternates direction so that a stable trajectory may be possible in which the ions do not strike a surface.  In
practice, ions of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
to hours.  A diagram of a typical ion trap is illustrated in Figure 7.  Analysis of stored ions is performed by
increasing the RF voltage, which makes the ions successively unstable.  The effect of the RF voltage on the ring
electrode is to "squeeze" the ions in the xy plane so that they move along the z axis.  Half the ions are lost to the
top cap (held at ground potential); the remaining ions exit the lower end cap to be detected by the electron
multiplier.  As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum.  With the ion trap, approximately 50 percent of the generated
ions are detected.  As a result, a significant increase in sensitivity can be achieved when compared to a full scan
linear quadrupole system.  

7.2.2.4  GC/MS Interface.  Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used.  Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined,
or fused silica-lined materials are recommended.  Glass and fused silica should be deactivated. 

7.2.2.5  Data System.  The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, on machine readable media, of all mass spectra obtained throughout the
duration of the chromatographic program.  The computer must have software that allows searching any GC/MS
data file for ions of a specified mass and plotting such ion abundances versus time or scan number.  This type
of plot is defined as a Selected Ion Current Profile (SICP).  Software must also be available that allows integrat-
ing the abundance in any SICP between specified time or scan number limits.  Also, software must be available
that allows for the comparison of sample spectra with reference library spectra.  The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equivalent are recommended as reference libraries.

7.2.2.6  Off-line Data Storage Device.  Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage.
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7.3  Calibration System and Manifold Apparatus (see Figure 8)

7.3.1  Calibration Manifold.  Stainless steel, glass, or high purity quartz manifold, (e.g.,1.25-cm I.D. x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing.  The manifold
should be heated to -50EC.

7.3.2  Humidifier.  500-mL impinger flask containing HPLC grade deionized water.
7.3.3  Electronic Mass Flow Controllers.  One 0 to 5 L/min unit and one or more 0 to 100 mL/min units

for air, depending on number of cylinders in use for calibration.
7.3.4  Teflon Filter(s).  47-mm Teflon® filter for particulate collection.

7.4  Reagents

7.4.1  Neat Materials or Manufacturer-Certified Solutions/Mixtures.  Best source (see Section 9).
7.4.2  Helium and Air.  Ultra-high purity grade in gas cylinders.  He is used as carrier gas in the GC.
7.4.3  Liquid Nitrogen or Liquid Carbon Dioxide.  Used to cool secondary trap.
7.4.4  Deionized Water.  High performance liquid chromatography (HPLC) grade, ultra-high purity (for

humidifier).

8.  Collection of Samples in Canisters

8.1  Introduction

8.1.1  Canister samplers, sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14.  Much of the material in this section is
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here in order to
have all the relevant information in one place.

8.1.2  Recent notable additions to the canister technology has been in the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to identify emission sources of VOCs (10).

8.1.3  EPA has also sponsored the development of a mathematical model to predict the storage stability of
arbitrary mixtures of trace gases in humidified air (3), and the investigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface activity (11).  A recent summary of storage
stability data for VOCs in canisters is given in the open literature (5).  

8.2  Sampling System Description

8.2.1  Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].
8.2.1.1  In preparation for subatmospheric sample collection in a canister, the canister is evacuated to

0.05 mm Hg (see Appendix C for discussion of evacuation pressure).  When the canister is opened to the
atmosphere containing the VOCs to be sampled, the differential pressure causes the sample to flow into the
canister.  This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a flow-restrictive inlet (e.g., mass flow controller,
critical orifice).

8.2.1.2  With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure.
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8.2.2    Pressurized Sampling [see Figure 1 (with metal bellows type pump)].
8.2.2.1  Pressurized sampling is used when longer-term integrated samples or higher volume samples are

required.  The sample is collected in a canister using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure.  For example, a 6-liter evacuated canister can be filled at 10
mL/min for 24 hours to achieve a final pressure of 144 kPa (21 psig).

8.2.2.2  In pressurized canister sampling, a metal bellows type pump draws in air from the sampling
manifold to fill and pressurize the sample canister.

8.2.3  All Samplers.
8.2.3.1  A flow control device is chosen to maintain a constant flow into the canister over the desired

sample period.  This flow rate is determined so the canister is filled (to about 88.1 kPa for subatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period.  The flow rate can be calculated by:

where:

F = flow rate, mL/min.
P = final canister pressure, atmospheres absolute. P is approximately equal to

V = volume of the canister, mL.
T = sample period, hours.

For example, if a 6-L canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by:

8.2.3.2  For automatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period.  The timer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump.

8.2.3.3  The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entire sample period.  The temperature rise in the valve could cause outgassing of organic compounds from the
Viton® valve seat material.  The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature increase.  The pulses may  be
obtained either with an electronic timer that can be programmed for short (5 to 60 seconds) ON periods, or with
a conventional mechanical timer and a special pulse circuit.  A simple electrical pulse circuit for operating the
Skinner Magnelatch solenoid valve with a conventional mechanical timer is illustrated in Figure 2(a).  However,
with this simple circuit, the valve may operate unreliably during brief power interruptions or if the timer is
manually switched on and off too fast.  A better circuit incorporating a time-delay relay to provide more reliable
valve operation is shown in Figure 2(b).
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8.2.3.4  The connecting lines between the sample inlet and the canister should be as short as possible to
minimize their volume.  The flow rate into the canister should remain relatively constant over the entire sampling
period.  

8.2.3.5  As an option, a second electronic timer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and condition the inlet line.

8.2.3.6  Prior to field use, each sampling system must pass a humid zero air certification (see
Section 8.4.3).  All plumbing should be checked carefully for leaks.  The canisters must also pass a humid zero
air certification before use (see Section 8.4.1).

8.3  Sampling Procedure

8.3.1  The sample canister should be cleaned and tested according to the procedure in Section 8.4.1.
8.3.2  A sample collection system is assembled as shown in Figures 1 and 3 and must be cleaned according

to the procedure outlined in Sections 8.4.2 and 8.4.4.  

[Note:  The sampling system should be contained in an appropriate enclosure.]

8.3.3  Prior to locating the sampling system, the user may want to perform "screening analyses" using a
portable GC system, as outlined in Appendix B of Compendium Method TO-14A, to determine potential volatile
organics present and potential "hot spots."  The information gathered from the portable GC screening analysis
would be used in developing a monitoring protocol, which includes the sampling system location, based upon the
"screening analysis" results.

8.3.4  After "screening analysis," the sampling system is located.  Temperatures of ambient air and sampler
box interior are recorded on the canister sampling field test data sheet (FTDS), as documented in Figure 9. 

[Note:  The following discussion is related to Figure 1]

8.3.5  To verify correct sample flow, a "practice" (evacuated) canister is used in the sampling system.

[Note:  For a subatmospheric sampler, a flow meter and practice canister are needed.  For the pump-driven
system, the practice canister is not needed, as the flow can be measured at the outlet of the system.] 

A certified mass flow meter is attached to the inlet line of the manifold, just in front of the filter.  The canister
is opened.  The sampler is turned on and the reading of the certified mass flow meter is compared to the sampler
mass flow controller.  The values should agree within ±10%.  If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the system.  This should be investigated and corrected.  

[Note:  Mass flow meter readings may drift.  Check the zero reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rate to compensate for any zero drift.]

After 2 minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit controller (e.g., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS. 

8.3.6  The sampler is turned off and the elapsed time meter is reset to 000.0. 

[Note:  Whenever the sampler is turned off, wait at least 30 seconds to turn the sampler back on.]
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8.3.7  The "practice" canister and certified mass flow meter are disconnected and a clean certified (see
Section 8.4.1) canister is attached to the system.

8.3.8  The canister valve and vacuum/pressure gauge valve are opened.
8.3.9  Pressure/vacuum in the canister is recorded on the canister FTDS (see Figure 9) as indicated by the

sampler vacuum/pressure gauge.
8.3.10  The vacuum/pressure gauge valve is closed and the maximum-minimum thermometer is reset to

current temperature.  Time of day and elapsed time meter readings are recorded on the canister FTDS.
8.3.11  The electronic timer is set to start and stop the sampling period at the appropriate times. Sampling

starts and stops by the programmed electronic timer.
8.3.12  After the desired sampling period, the maximum, minimum, current interior temperature and current

ambient temperature are recorded on the FTDS.  The current reading from the flow controller is recorded.
8.3.13  At the end of the sampling period, the vacuum/pressure gauge valve on the sampler is briefly opened

and closed and the pressure/vacuum is recorded on the FTDS.  Pressure should be close to desired pressure.  

[Note:  For a subatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be suspect.  This information should be noted on the
sampling field data sheet.]

Time of day and elapsed time meter readings are also recorded.
8.3.14  The canister valve is closed.  The sampling line is disconnected from the canister and the canister is

removed from the system.  For a subatmospheric system, a certified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and a "practice" canister is attached to the Magnelatch valve of the
sampling system. The final flow rate is recorded on the canister FTDS (see Figure 9).  

[Note:  For a pressurized system, the final flow may be measured directly.]

The sampler is turned off.
8.3.15  An identification tag is attached to the canister.  Canister serial number, sample number, location, and

date, as a minimum, are recorded on the tag.  The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.

8.4  Cleaning and Certification Program

8.4.1  Canister Cleaning and Certification.
8.4.1.1  All canisters must be clean and free of any contaminants before sample collection.
8.4.1.2  All canisters are leak tested by pressurizing them to approximately 206 kPa (30 psig) with zero

air.  

[Note:  The canister cleaning system in Figure 10 can be used for this task.]

The initial pressure is measured, the canister valve is closed, and the final pressure is checked after 24 hours.  If
acceptable, the pressure should not vary more than ± 13.8 kPa (± 2 psig) over the 24 hour period.

8.4.1.3  A canister cleaning system may be assembled as illustrated in Figure 10.  Cryogen is added to both
the vacuum pump and zero air supply traps.  The canister(s) are connected to the manifold.  The vent shut-off
valve and the canister valve(s) are opened to release any remaining pressure in the canister(s).  The vacuum pump
is started and the vent shut-off valve is then closed and the vacuum shut-off valve is opened.  The canister(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 hour.  
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[Note:  On a daily basis or more often if necessary, the cryogenic traps should be purged with zero air to
remove any trapped water from previous canister cleaning cycles.]

Air released/evacuated from canisters should be diverted to a fume hood.
8.4.1.4  The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve

is opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig).  If a zero gas
generator system is used, the flow rate may need to be limited to maintain the zero air quality.

8.4.1.5  The zero air shut-off valve is closed and the canister(s) is allowed to vent down to atmospheric
pressure through the vent shut-off valve.  The vent shut-off valve is closed.  Repeat Sections 8.4.1.3 through
8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.

8.4.1.6  At the end of the evacuation/pressurization cycle, the canister is pressurized to 206 kPa (30 psig)
with humid zero air.  The canister is then analyzed by a GC/MS analytical system.  Any canister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
not be used.  As a "blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100%
of the canisters is analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any
target VOCs).  The check can then be reduced to a lower percentage of canisters.

8.4.1.7  The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in this condition until used.  The canister valve is closed.  The canister is removed from
the cleaning system and the canister connection is capped with a stainless steel fitting.  The canister is now ready
for collection of an air sample.  An identification tag is attached to the inlet of each canister for field notes and
chain-of-custody purposes.  An alternative to evacuating the canister at this point is to store the canisters and
reevacuate them just prior to the next use.

8.4.1.8  As an option to the humid zero air cleaning procedures, the canisters are heated in an isothermal
oven not to exceed 100EC during evacuation of the canister to ensure that higher molecular weight compounds
are not retained on the walls of the canister.  

[Note:  For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperature valve would be needed].

Once heated, the canisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour.  At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging."  Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used.  Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used.  As noted in Section 8.4.1.7, reevacuation can occur
just prior to the next use.

8.4.2  Cleaning Sampling System Components.
8.4.2.1  Sample components are disassembled and cleaned before the sampler is assembled.  Nonmetallic

parts are rinsed with HPLC grade deionized water and dried in a vacuum oven at 50EC.  Typically, stainless steel
parts and fittings are cleaned by placing them in a beaker of methanol in an ultrasonic bath for 15 minutes.  This
procedure is repeated with hexane as the solvent.

8.4.2.2  The parts are then rinsed with HPLC grade deionized water and dried in a vacuum oven at 100EC
for 12 to 24 hours.  

8.4.2.3  Once the sampler is assembled, the entire system is purged with humid zero air for 24 hours.
8.4.3  Zero Air Certification.
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[Note:  In the following sections, "certification" is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system.  The system
is "certified" if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]

8.4.3.1  The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows.

8.4.3.2  The calibration system and manifold are assembled, as illustrated in Figure 8.  The sampler
(without an evacuated gas canister) is connected to the manifold and the zero air cylinder is activated to generate
a humid gas stream (2 L/min) to the calibration manifold [see Figure 8(b)].

8.4.3.3  The humid zero gas stream passes through the calibration manifold, through the sampling system
(without an evacuated canister) to the water management system/VOC preconcentrator of an analytical system.

[Note:  The exit of the sampling system (without the canister) replaces the canister in Figure 11.]

After the sample volume (e.g., 500 mL) is preconcentrated on the trap, the trap is heated and the VOCs are
thermally desorbed and refocussed on a cold trap.  This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column.  The VOCs are refocussed prior to gas chromatographic separation.  Then, the
oven temperature (programmed) increases and the VOCs begin to elute and are detected by a GC/MS (see
Section 10) system.  The analytical system should not detect greater than 0.2 ppbv of any targeted VOCs in order
for the sampling system to pass the humid zero air certification test.  Chromatograms (using an FID) of a certified
sampler and contaminated sampler are illustrated in Figures 12(a) and 12(b), respectively.  If the sampler passes
the humid zero air test, it is then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected in field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.

8.4.4  Sampler System Certification with Humid Calibration Gas Standards from a Dynamic
Calibration System

8.4.4.1  Assemble the dynamic calibration system and manifold as illustrated in Figure 8.
8.4.4.2  Verify that the calibration system is clean (less than 0.2 ppbv of any target compounds) by

sampling a humidified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1).

8.4.4.3  The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds is found.

8.4.4.4  For generating the humidified calibration standards, the calibration gas cylinder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
illustrated in Figure 8.  The gas cylinders are opened and the gas mixtures are passed through 0 to 10 mL/min
certified mass flow controllers to generate ppb levels of calibration standards.

8.4.4.5  After the appropriate equilibrium period, attach the sampling system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b).

8.4.4.6  Sample the dynamic calibration gas stream with the sampling system. 
8.4.4.7  Concurrent with the sampling system operation, realtime monitoring of the calibration gas stream

is accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs.

8.4.4.8  At the end of the sampling period (normally the same time period used for experiments), the
sampling system canister is analyzed and compared to the reference GC/MS analytical system to determine if the
concentration of the targeted VOCs was increased or decreased by the sampling system.

8.4.4.9  A recovery of between 90% and 110% is expected for all targeted VOCs.
8.4.5  Sampler System Certification without Compressed Gas Cylinder Standards.
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8.4.5.1  Not all the gases on the Title III list are available/compatible with compressed gas standards. In
these cases sampler certification must be approached by different means.  

8.4.5.2  Definitive guidance is not currently available in these cases; however, Section 9.2 lists several ways
to generate gas standards.  In general, Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards.

9.  GC/MS Analysis of Volatiles from Canisters

9.1  Introduction

9.1.1  The analysis of canister samples is accomplished with a GC/MS system.  Fused silica capillary columns
are used to achieve high temporal resolution of target compounds.  Linear quadrupole or ion trap mass
spectrometers are employed for compound detection.  The heart of the system is composed of the sample inlet
concentrating device that is needed to increase sample loading into a detectable range.  Two examples of
concentrating systems are discussed.  Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11. 

9.1.2  With the first technique, a whole air sample from the canister is passed through a multisorbent packing
(including single adsorbent packings) contained within a metal or glass tube maintained at or above the
surrounding air temperature.  Depending on the water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling.  Additional drying of the sample is
accomplished after the sample concentration is completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used).  The sample is then thermally desorbed from the packing and backflushed from
the trap onto a gas chromatographic column.  In some systems a "refocusing" trap is placed between the primary
trap and the gas chromatographic column.  The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective in most cases
is to enhance chromatographic resolution of the individual sample components before detection on a mass
spectrometer.

9.1.3  Sample drying strategies depend on the target list of compounds.  For some target compound lists, the
multisorbent packing of the concentrator can be selected from hydrophobic adsorbents which allow a high
percentage of water vapor in the sample to pass through the concentrator during sampling and without significant
loss of the target compounds. However, if very volatile organic compounds are on the target list, the adsorbents
required for their retention may also strongly retain water vapor and a more lengthy dry purge is necessary prior
to analysis.

9.1.4  With the second technique, a whole air sample is passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap).  Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an inert gas onto a gas chromatographic column.  This concentration
technique is similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used.
The sample size is reduced in volume to limit the amount of water vapor that is also collected (100 mL or less
may be necessary).  The attendant reduction in sensitivity is offset by  enhancing  the  sensitivity of detection, for
example by using an ion trap detector.
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9.2  Preparation of Standards

9.2.1  Introduction.
9.2.1.1  When available, standard mixtures of target gases in high pressure cylinders must be certified

traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM).  Manufacturer's certificates of analysis must be retained to track the expiration date.

9.2.1.2  The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available. 

9.2.1.3  Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typically used
as primary stock standards.  The components may be purchased in one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder.  Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylinders. 

9.2.2  Preparing Working Standards.
9.2.2.1  Instrument Performance Check Standard.  Prepare a standard solution of BFB in humidified

zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration
parameters.

9.2.2.2  Calibration Standards.  Prepare five working calibration standards in humidified zero air at a
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters.

9.2.2.3  Internal Standard Spiking Mixture.  Prepare an internal spiking mixture containing bromo-
chloromethane, chlorobenzene-d , and 1,4-difluorobenzene at 10 ppmv each in humidified zero air to be added5

to the sample or calibration standard.  500 µL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv.  The internal standard is introduced into the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means.  The
volume of internal standard spiking mixture added for each analysis must be the same from run to run.

9.2.3  Standard Preparation by Dynamic Dilution Technique.
9.2.3.1  Standards may be prepared by dynamic dilution of the gaseous contents of a cylinder(s) containing

the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold.  The working standard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller.

9.2.3.2  Alternatively, the analytical system may be calibrated by sampling directly from the manifold if
the flow rates are optimized to provide the desired amount of calibration standards.  However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred.  Flow rates of the dilution air and cylinder standards (all expressed in the same
units) are measured using a bubble meter or calibrated electronic flow measuring device, and the concentrations
of target compounds in the manifold are then calculated using the dilution ratio and the original concentration of
each compound.

9.2.3.3  Consider the example of 1 mL/min flow of 10 ppmv standard diluted with 1,000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below: 
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9.2.4  Standard Preparation by Static Dilution Bottle Technique

[Note:  Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bottle (12).  This technique is used specifically for liquid standards.]

9.2.4.1  The volume of a clean 2-liter round-bottom flask, modified with a threaded glass neck to accept
a Mininert septum cap, is determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
in milliliters.

9.2.4.2  The flask is flushed with helium by attaching a tubing into the glass neck to deliver the helium.
After a few minutes, the tubing is removed and the glass neck is immediately closed with a Mininert septum cap.

9.2.4.3  The flask is placed in a 60EC oven and allowed to equilibrate at that temperature for about
15 minutes.  Predetermined aliquots of liquid standards are injected into the flask making sure to keep the flask
temperature constant at 60EC.

9.2.4.4  The contents are allowed to equilibrate in the oven for at least 30 minutes.  To avoid condensation,
syringes must be preheated in the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation.

9.2.4.5  Sample aliquots may then be taken for introduction into the analytical system or for further
dilution.  An aliquot or aliquots totaling greater than 1 percent of the flask volume should be avoided.

9.2.4.6  Standards prepared by this method are stable for one week.  The septum must be replaced with
each freshly prepared standard.

9.2.4.7  The concentration of each component in the flask is calculated using the following equation:

where: V  = Volume of liquid neat standard injected into the flask, µL.a

d = Density of the liquid neat standard, mg/µL.

V  = Volume of the flask, L.f

9.2.4.8  To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can be used.

[Note:  In the preparation of standards by this technique, the analyst should make sure that the volume of neat
standard injected into the flask does not result in an overpressure due to the higher partial pressure produced
by the standard compared to the vapor pressure in the flask.  Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliquot(s).]  

9.2.5  Standard Preparation Procedure in High Pressure Cylinders

[Note:  Standards may be prepared in high pressure cylinders (13).  A modified summary of the procedure
is provided below.]

9.2.5.1  The standard compounds are obtained as gases or neat liquids (greater than 98 percent purity).
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9.2.5.2  An aluminum cylinder is flushed with high-purity nitrogen gas and then evacuated to better than
25 in. Hg.

9.2.5.3  Predetermined amounts of each neat standard compound are measured using a microliter or
gastight syringe and injected into the cylinder.  The cylinder is equipped with a heated injection port and nitrogen
flow to facilitate sample transfer.

9.2.5.4  The cylinder is pressurized to 1000 psig with zero nitrogen.

[Note:  User should read all SOPs associated with generating standards in high pressure cylinders.  Follow
all safety requirements to minimize danger from high pressure cylinders.]

9.2.5.5  The contents of the cylinder are allowed to equilibrate (-24 hrs) prior to withdrawal of aliquots
into the GC system.

9.2.5.6  If the neat standard is a gas, the cylinder concentration is determined using the following equation:

[Note:  Both values must be expressed in the same units.]

9.2.5.7  If the neat standard is a liquid, the gaseous concentration can be determined using the following
equations:

and:

where: V = Gaseous volume of injected compound at EPA standard temperature (25EC) and
pressure (760 mm Hg), L.

n = Moles.
R = Gas constant, 0.08206 L-atm/mole EK.
T = 298EK (standard temperature).
P = 1 standard pressure, 760 mm Hg (1 atm).

mL = Volume of liquid injected, mL. 
d = Density of the neat standard, g/mL.

MW = Molecular weight of the neat standard expressed, g/g-mole.

The gaseous volume of the injected compound is divided by the cylinder volume at STP and then multiplied by
10  to obtain the component concentration in ppb units. 9
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9.2.6  Standard Preparation by Water Methods.

[Note:  Standards may be prepared by a water purge and trap method (14) and summarized as follows].

9.2.6.1  A previously cleaned and evacuated canister is pressurized to 760 mm Hg absolute (1 atm) with
zero grade air.

9.2.6.2  The air gauge is removed from the canister and the sparging vessel is connected to the canister with
the short length of 1/16 in. stainless steel tubing.  

[Note:  Extra effort should be made to minimize possible areas of dead volume to maximize transfer of
analytes from the water to the canister.]

9.2.6.3  A measured amount of the stock standard solution and the internal standard solution is spiked into
5 mL of water.

9.2.6.4  This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min.  The sparging vessel is maintained at 40EC.

9.2.6.5  At the end of 10 mins, the sparge vessel is removed and the air gauge is re-installed, to further
pressurize the canister with pure nitrogen to 1500 mm Hg absolute pressure (approximately 29 psia).

9.2.6.6  The canister is allowed to equilibrate overnight before use.
9.2.6.7  A schematic of this approach is shown in Figure 14.

9.2.7  Preparation of Standards by Permeation Tubes.
9.2.7.1  Permeation tubes can be used to provide standard concentration of a trace gas or gases.  The

permeation of the gas can occur from inside a permeation tube containing the trace species of interest to an air
stream outside.  Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g., a tube of permeable material immersed in a liquid). 

9.2.7.2  The permeation system is usually held at a constant temperature to generate a constant
concentration of  trace gas.  Commercial suppliers provide systems for generation and dilution of over
250 compounds.  Some commercial suppliers of permeation tube equipment are listed in Appendix D.

9.2.8  Storage of Standards.
9.2.8.1  Working standards prepared in canisters may be stored for thirty days in an atmosphere free of

potential contaminants.
9.2.8.2  It is imperative that a storage logbook be kept to document storage time.

10.  GC/MS Operating Conditions

10.1  Preconcentrator

The following are typical cryogenic and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combination of solid sorbent and must be selected carefully by the operator.  The reader is referred
to Tables 1 and 2 of Compendium Method TO-17 for guidance on selection of sorbents.  An example of a system
using a solid adsorbent preconcentrator with a cryofocusing trap is discussed in the literature (15).  Oven
temperature programming starts above ambient.

10.1.1  Sample Collection Conditions

Cryogenic Trap Adsorbent Trap
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Set point -150EC Set point 27EC
Sample volume - up to 100 mL Sample volume - up to 1,000 mL
Carrier gas purge flow - none Carrier gas purge flow - selectable

[Note:  The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used.  Other preconcentration systems may be used provided performance standards (see Section 11) are
realized.]

10.1.2  Desorption Conditions

Cryogenic Trap Adsorbent Trap

Desorb Temperature 120EC Desorb Temperature Variable
Desorb Flow Rate - 3 mL/min He Desorb Flow Rate -3 mL/min He
Desorb Time <60 sec Desorb Time <60 sec

The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers’ specifications).

10.1.3  Trap Reconditioning Conditions.

Cryogenic Trap Adsorbent Trap

Initial bakeout 120EC (24 hrs) Initial bakeout
Variable (24 hrs)
After each run 120EC (5 min) After each run Variable (5 min)

10.2  GC/MS System

10.2.1  Optimize GC conditions for compound separation and sensitivity.  Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase is an indication of acceptable
chromatographic performance.

10.2.2  The following are the recommended gas chromatographic analytical conditions when using a 50-meter
by 0.3-mm I.D., 1 µm film thickness fused silica column with refocusing on the column.

Item Condition

Carrier Gas: Helium
Flow Rate: Generally 1-3 mL/min as recommended by manufacturer
Temperature Program: Initial Temperature: -50EC

Initial Hold Time: 2 min
Ramp Rate: 8E C/min 
Final Temperature: 200EC
Final Hold Time: Until all target compounds elute.

10.2.3  The following are the recommended mass spectrometer conditions:

Item Condition
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Electron Energy: 70 Volts (nominal)
Mass Range: 35-300 amu [the choice of 35 amu excludes the detection of some target compounds

such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate, etc. (see Table 2).  Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary in
these cases, but are not considered here.

Scan Time: To give at least 10 scans per peak, not to exceed 1 second per scan].

A schematic for a typical GC/MS analytical system is illustrated in Figure 15.

10.3  Analytical Sequence

10.3.1  Introduction.  The recommended GC/MS analytical sequence for samples during each 24-hour time
period is as follows:

• Perform instrument performance check using bromofluorobenzene (BFB).
• Initiate multi-point calibration or daily calibration checks.
• Perform a laboratory method blank.
• Complete this sequence for analysis of #20 field samples.

10.4  Instrument Performance Check

10.4.1  Summary.  It is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to initiating any data collection.  The GC/MS system is set up according to the
manufacturer's specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).

10.4.2  Frequency.  Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
must establish that the GC/MS system meets the mass spectral ion abundance criteria for the instrument
performance check standard containing BFB.  The instrument performance check solution must be analyzed
initially and once per 24-hour time period of operation.

The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration
or daily calibration check criteria) begins at the injection of the BFB which the laboratory records as
documentation of a compliance tune.

10.4.3  Procedure.  The analysis of the instrument performance check standard is performed by trapping 50
ng of BFB under the optimized preconcentration parameters.  The BFB is introduced from a cylinder into the
GC/MS via a sample loop valve injection system similar to that shown in Figure 13.

The mass spectrum of BFB must be acquired in the following manner.  Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged.  Background subtraction is
conducted using a single scan prior to the elution of BFB.

10.4.4  Technical Acceptance Criteria.  Prior to the analysis of any samples, blanks, or calibration
standards, the analyst must establish that the GC/MS system meets the mass spectral ion abundance criteria for
the instrument performance check standard as specified in Table 3.

10.4.5  Corrective Action.  If the BFB acceptance criteria are not met, the MS must be retuned.  It may be
necessary to clean the ion source, or quadrupoles, or take other necessary actions to achieve the acceptance
criteria.
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10.4.6  Documentation. Results of the BFB tuning are to be recorded and maintained as part of the
instrumentation log.

10.5  Initial Calibration

10.5.1  Summary.  Prior to the analysis of samples and blanks but after the instrument performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that span the
monitoring range of interest in an initial calibration sequence to determine instrument sensitivity and the linearity
of GC/MS response for the target compounds.  For example, the range of interest may be 2 to 20 ppbv, in which
case the five concentrations would be 1, 2, 5, 10 and 25 ppbv.

One of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g., 10 ppbv).

10.5.2  Frequency.  Each GC/MS system must be recalibrated following corrective action (e.g., ion source
cleaning or repair, column replacement, etc.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met.

If time remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration, samples
may be analyzed.

If time does not remain in the 24-hour period after meeting the acceptance criteria for the initial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard.

10.5.3  Procedure.  Verify that the GC/MS system meets the instrument performance criteria in Section 10.4.

The GC must be operated using temperature and flow rate parameters equivalent to those in Section 10.2.2.
Calibrate the preconcentration-GC/MS system by drawing the standard into the system.  Use one of the standards
preparation techniques described under Section 9.2 or equivalent.

A minimum of five concentration levels are needed to determine the instrument sensitivity and linearity.  One of
the  calibration levels should be near the detection level for the compounds of interest.  The calibration range
should be chosen so that linear results are obtained as defined in Sections 10.5.1 and 10.5.5.  

Quantitation ions for the target compounds are shown in Table 2.  The primary ion should be used unless
interferences are present, in which case a secondary ion is used. 

10.5.4  Calculations.

[Note:  In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated.]

10.5.4.1  Relative Response Factor (RRF).  Calculate the relative response factors for each target
compound relative to the appropriate internal standard (i.e., standard with the nearest retention time) using the
following equation:
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where: RRF = Relative response factor.
A  = Area of the primary ion for the compound to be measured, counts.x

A  = Area of the primary ion for the internal standard, counts. is

C  = Concentration of internal standard spiking mixture, ppbv.is

C  = Concentration of the compound in the calibration standard, ppbv.x

[Note:  The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and QC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis.  C  and C  must be in the same units.]is x

10.5.4.2  Mean Relative Response Factor.  Calculate the mean RRF for each compound by averaging
the values obtained at the five concentrations using the following equation:

where:  = Mean relative response factor.

x  = RRF of the compound at concentration i.i

n = Number of concentration values, in this case 5.
10.5.4.3  Percent Relative Standard Deviation (%RSD).  Using the RRFs from the initial calibration,

calculate the %RSD for all target compounds using the following equations:

and

where: SD  = Standard deviation of initial response factors (per compound).RRF

RRF  = Relative response factor at a concentration level i.i

 = Mean of initial relative response factors (per compound).
10.5.4.4  Relative Retention Times (RRT).  Calculate the RRTs for each target compound over the initial

calibration range using the following equation:

where: RT  = Retention time of the target compound, secondsc

RT  = Retention time of the internal standard, seconds.is

10.5.4.5  Mean of the Relative Retention Times ( ).  Calculate the mean of the relative retention

times ( ) for each analyte target compound over the initial calibration range using the following equation:
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where:  = Mean relative retention time for the target compound for each initial calibration
standard.

RRT = Relative retention time for the target compound at each calibration level.
10.5.4.6  Tabulate Primary Ion Area Response (Y) for Internal Standard.  Tabulate the area response

(Y) of the primary ions (see Table 2) and the corresponding concentration for each compound and internal
standard.

10.5.4.7  Mean Area Response ( ) for Internal Standard.  Calculate the mean area response ( ) for
each internal standard compound over the initial calibration range using the following equation:

where:  = Mean area response.
Y = Area response for the primary quantitation ion for the internal standard for each initial

calibration standard.
10.5.4.8  Mean Retention Times ( ).  Calculate the mean of the retention times ( ) for each internal

standard over the initial calibration range using the following equation:

where:  = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds.

10.5.5  Technical Acceptance Criteria for the Initial Calibration.  
10.5.5.1  The calculated %RSD for the RRF for each compound in the calibration table must be less than

30% with at most two exceptions up to a limit of 40%.

[Note: This exception may not be acceptable for all projects.  Many projects may have a specific target list
of compounds which would require the lower limit for all compounds.] 

10.5.5.2  The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.

10.5.5.3  The area response Y of at each calibration level must be within 40% of the mean area response 
over the initial calibration range for each internal standard.

10.5.5.4  The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention time over the initial calibration range for each internal standard.

10.5.6  Corrective Action.  
10.5.6.1  Criteria.  If the initial calibration technical acceptance criteria are not met, inspect the system

for problems.  It may be necessary to clean the ion source, change the column, or take other corrective actions to
meet the initial calibration technical acceptance criteria.

10.5.6.2  Schedule.  Initial calibration acceptance criteria must be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed. 
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10.6  Daily Calibration

10.6.1  Summary.  Prior to the analysis of samples and blanks but after tuning criteria have been met, the
initial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control.  The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contain all the target compounds.

10.6.2  Frequency.  A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria.  The daily calibration sequence starts with the injection of the BFB.  If
the BFB analysis meets the ion abundance criteria for BFB, then a daily calibration standard may be analyzed.

10.6.3  Procedure.  The mid-level calibration standard (10 ppbv) is analyzed in a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.

10.6.4  Calculations.  Perform the following calculations.

[Note:  As indicated earlier, the area response of the primary quantitation ion is used unless otherwise
stated.]

10.6.4.1  Relative Response Factor (RRF).  Calculate a relative response factor (RRF) for each target
compound using the equation in Section 10.5.4.1.

10.6.4.2  Percent Difference (%D).  Calculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration.  Calculate the %D for each target
compound using the following equation:

where: RRF  = RRF of the compound in the continuing calibration standard.c

 = Mean RRF of the compound in the most recent initial calibration.

10.6.5  Technical Acceptance Criteria.  The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
instrument performance check criteria (see Section 10.4).

The %D for each target compound in a daily calibration sequence must be within ±30 percent in order to proceed
with the analysis of samples and blanks.  A control chart showing %D values should be maintained.

10.6.6  Corrective Action.  If the daily calibration technical acceptance criteria are not met, inspect the
system for problems.  It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration technical acceptance criteria.

Daily calibration acceptance criteria must be met before any field samples, performance evaluation (PE) samples,
or blanks are analyzed.  If the % D criteria are not met, it will be necessary to rerun the daily calibration sample.

10.7  Blank Analyses

10.7.1  Summary.  To monitor for possible laboratory contamination, laboratory method blanks are analyzed
at least once in a 24-hour analytical sequence.  All steps in the analytical procedure are performed on the blank
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using all reagents, standards, equipment, apparatus, glassware, and solvents that would be used for a sample
analysis.

A laboratory method blank (LMB) is an unused, certified canister that has not left the laboratory.  The blank
canister is pressurized with humidified, ultra-pure zero air and carried through the same analytical procedure as
a field sample.  The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.

10.7.2  Frequency.  The laboratory method blank must be analyzed after the calibration standard(s) and
before any samples are analyzed.

Whenever a high concentration sample is encountered (i.e., outside the calibration range), a blank analysis should
be performed immediately after the sample is completed to check for carryover effects.

10.7.3  Procedure.  Fill a cleaned and evacuated canister with humidified zero air (RH >20 percent, at 25EC).
Pressurize the contents to 2 atm.

The blank sample should be analyzed using the same procedure outlined under Section 10.8.
10.7.4  Calculations.  The blanks are analyzed similar to a field sample and the equations in Section 10.5.4

apply.
10.7.5  Technical Acceptance Criteria.  A blank canister should be analyzed daily.

The area response for each internal standard (IS) in the blank must be within ±40 percent of the mean area
response of the IS in the most recent valid calibration.

The retention time for each of the internal standards must be within ±0.33 minutes between the blank and the
most recent valid calibration.

The blank should not contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined in Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would interfere with identification and measurement of a method analyte.

10.7.6  Corrective Action.  If the blanks do not meet the technical acceptance criteria, the analyst should
consider the analytical system to be out of control.  It is the responsibility of the analyst to ensure that
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms be eliminated.  If contamination is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analysis proceeds.

If an analyte in the blank is found to be out of control (i.e., contaminated) and the analyte is also found in
associated samples, those sample results should be "flagged" as possibly contaminated.

10.8  Sample Analysis

10.8.1  Summary.  An aliquot of the air sample from a canister (e.g., 500 mL) is preconcentrated and
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2.  If using the multisorbent/dry purge
approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.  

[Note:  The analyst should be aware that pressurized samples of high humidity samples will contain
condensed water.  As a result, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the higher canister pressures and increasing in humidity as the canister pressures
decreases.  Storage integrity of water soluble compounds may also be affected.]

10.8.2  Frequency.  If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration standard.

If time does not remain in the 24-hour period since the injection of the instrument performance check standard
in which an initial calibration is performed, both the instrument performance check standard and the daily
calibration standard should be analyzed before sample analysis may begin.

10.8.3  Procedure for Instrumental Analysis.  Perform the following procedure for analysis.
10.8.3.1  All canister samples should be at temperature equilibrium with the laboratory.
10.8.3.2  Check and adjust the mass flow controllers to provide correct flow rates for the system.
10.8.3.3  Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15

[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed cycle cooler (15)].  The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller.  The absolute volume of sample being pulled through the
trap must be consistent from run to run.

10.8.3.4  Heat/cool the GC oven and cryogenic or adsorbent trap to their set points.  Assuming a six-port
value is being used, as soon as the trap reaches its lower set point, the six-port chromatographic valve is cycled
to the trap position to begin sample collection.  Utilize the sample collection time which has been optimized by
the analyst.

10.8.3.5  Use the arrangement shown in Figure 13, (i.e., a gastight syringe or some alternate method)
introduce an internal standard during the sample collection period.  Add sufficient internal standard equivalent
to 10 ppbv in the sample.  For example, a 0.5 mL volume of a mixture of internal standard compounds, each at
10 ppmv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each internal standard
in the sample.

10.8.3.6  After the sample and internal standards are preconcentrated on the trap, the GC sampling valve
is cycled to the inject position and the trap is swept with helium and heated.  Assuming a focusing trap is being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
column and are separated on the column using the GC oven temperature program.  The canister valve is closed
and the canister is disconnected from the mass flow controller and capped.  The trap is maintained at elevated
temperature until the beginning of the next analysis.

10.8.3.7  Upon sample injection onto the column, the GC/MS system is operated so that the MS scans the
atomic mass range from 35 to 300 amu.  At least ten scans per eluting chromatographic peak should be acquired.
Scanning also allows identification of unknown compounds in the sample through searching of library spectra.

10.8.3.8  Each analytical run must be checked for saturation.  The level at which an individual compound
will saturate the detection system is a function of the overall system sensitivity and the mass spectral
characteristics of that compound.

10.8.3.9  Secondary ion quantitation is allowed only when there are sample matrix interferences with the
primary ion.  If secondary ion quantitation is performed, document the reasons in the laboratory record book. 

10.8.4  Calculations.  The equation below is used for calculating concentrations.

where: C  = Compound concentration, ppbv.x 
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A  = Area of the characteristic ion for the compound to be measured, counts.x

A  = Area of the characteristic ion for the specific internal standard, counts.is

C  = Concentration of the internal standard spiking mixture, ppbvis

.

= Mean relative response factor from the initial calibration.

DF = Dilution factor calculated as described in section 2.  If no dilution is performed, DF

= 1.

[Note:  The equation above is valid under the condition that the volume (-500 µL) of internal standard
spiking mixture added in all field and QC analyses is the same from run to run, and that the volume (-500 mL)
of field and QC sample introduced into the trap is the same for each analysis.]

10.8.5  Technical Acceptance Criteria.

[Note:  If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration.]

10.8.5.1  The field sample must be analyzed on a GC/MS system meeting the BFB tuning, initial
calibration, and continuing calibration technical acceptance criteria at the frequency described in Sections 10.4,
10.5 and 10.6.

10.8.5.2  The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria.

10.8.5.3  All of the target analyte peaks should be within the initial calibration range.
10.8.5.4  The retention time for each internal standard must be within ±0.33 minutes of the retention time

of the internal standard in the most recent valid calibration.
10.8.6  Corrective Action.  If the on-column concentration of any compound in any sample exceeds the

initial calibration range, an aliquot of the original sample must be diluted and reanalyzed.  Guidance in
performing dilutions and exceptions to this requirement are given below.  

• Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.

• The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the initial calibration range of the instrument.

[Note:  Analysis involving dilution should be reported with a dilution factor and nature of the dilution gas.]

10.8.6.1  Internal standard responses and retention times must be evaluated during or immediately after
data acquisition.  If the retention time for any internal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the initial calibration range), the GC/MS system must
be inspected for malfunctions, and corrections made as required.

10.8.6.2  If the area response for any internal standard changes by more than ±40 percent between the
sample and the most recent valid calibration, the GC/MS system must be inspected for malfunction and
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corrections made as appropriate.  When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is necessary.

10.8.6.3  If, after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis is considered to have been within the control of the Laboratory.
Therefore, submit only data from the analysis with SICPs within the limits.  This is considered the initial analysis
and should be reported as such on all data deliverables.

11.  Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters

11.1  Introduction

11.1.1  There are three performance criteria which must be met for a system to qualify under Compendium
Method TO-15.  These criteria are: the method detection limit of #0.5 ppbv, replicate precision within 25 percent,
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).  

11.1.2  Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whether or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics.  

11.1.3  Specific criteria for each Title III compound on the target compound list must be met by the analytical
system.  These criteria were established by examining summary data from EPA's Toxics Air Monitoring System
Network and the Urban Air Toxics Monitoring Program network.  Details for the determination of each of the
criteria follow.

11.2  Method Detection Limit

11.2.1  The procedure chosen to define the method detection limit is that given in the Code of Federal
Regulations (40 CFR 136 Appendix B).  

11.2.2  The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at a concentration near (within a factor of five) the expected detection limit, computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (i.e., the Student's
t value for 99 percent confidence for seven values).  Employing this approach, the detection limits given in
Table 4 were obtained for some of the VOCs of interest.  

11.3  Replicate Precision

11.3.1  The measure of replicate precision used for this program is the absolute value of the difference
between replicate measurements of the sample divided by the average value and expressed as a percentage as
follows:

where: x  = First measurement value.1

x  = Second measurement value.2

 = Average of the two values.



Audit Accuracy, % '
Spiked Value & Observed Value

Spiked Value
x 100

VOCs Method TO-15

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-31

11.3.2  There are several factors which may affect the precision of the measurement.  The nature of the
compound of interest itself such as molecular weight, water solubility, polarizability, etc., each have some effect
on the precision, for a given sampling and analytical system.  For example, styrene, which is classified as a polar
VOC, generally shows slightly poorer precision than the bulk of nonpolar VOCs.  A primary influence on
precision is the concentration level of the compound of interest in the sample, i.e., the precision degrades as the
concentration approaches the detection limit.  A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks.  These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent can be achieved for each of the target compounds. 

11.4  Audit Accuracy

11.4.1  A measure of analytical accuracy is the degree of agreement with audit standards.  Audit accuracy is
defined as the difference between the nominal concentration of the audit compound and the measured value
divided by the audit value and expressed as a percentage, as illustrated in the following equation:

11.4.2  Audit accuracy results for TAMS and UATMP analyses are summarized in Table 6 and were used
to form the basis for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX A.

LISTING OF SOME COMMERCIAL WATER 
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS

Tekmar Dohrman Company XonTech Inc.
7143 East Kemper Road 6862 Hayenhurst Avenue
Post Office Box 429576 Van Nuys, CA  91406
Cincinnati, Ohio  45242-9576 (818) 787-7380
(513) 247-7000 (818) 787-4275 (Fax)
(513) 247-7050 (Fax) [Multi-adsorbent trap/dry purge]
(800) 543-4461
[Moisture control module] Graseby

Entech Laboratory Automation Smyrna, Georgia  30082
950 Enchanted Way No. 101 (770) 319-9999
Simi Valley, California  93065 (770) 319-0336 (Fax)
(805) 527-5939 (800) 241-6898
(805) 527-5687 (Fax) [Controlled Desorption Trap]
[Microscale Purge and Trap]

Dynatherm Analytical Instruments 2700 Mitchell Drive
Post Office Box 159 Walnut Creek, California  94898
Kelton, Pennsylvania  19346 (510) 945-2196
(215) 869-8702 (510) 945-2335 (FAX)
(215) 869-3885 (Fax) [Variable Temperature Adsorption Trap]
[Thermal Desorption System]

500 Technology Ct.

Varian Chromatography System
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APPENDIX B.

COMMENT ON CANISTER CLEANING PROCEDURES

The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleaning process is complete.  Depending on the vacuum system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge, the achievement of this value may take several
hours.  In any case, the pressure gauge should be placed near the canisters to determine pressure.  The objective
of requiring a low pressure evacuation during canister cleaning is to reduce contaminants.  If canisters can be
routinely certified (<0.2 ppbv for target compounds) while using a higher vacuum, then this criteria can be
relaxed.  However, the ultimate vacuum achieved during cleaning should always be  <0.2mm Hg. 

Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features.  The vacuum gauge shown in Figure 10 must be capable of measuring  0.05mm Hg  with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters.  Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.

An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used in Compendium Method TO-12 that the total carbon count be <10ppbC.  This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement.  This equivalency must be established by comparing the total nonmethane
organic carbon (TNMOC) expressed in ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.
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APPENDIX C.

LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF 
SPECIALLY-PREPARED CANISTERS

BRC/Rasmussen
17010 NW Skyline Blvd.
Portland, Oregon 97321
(503) 621-1435

Meriter
1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482

Restek Corporation
110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300
(800) 356-1688

Scientific Instrumentation Specialists
P.O. Box 8941
815 Courtney Street
Moscow, ID 83843
(208) 882-3860

Graseby
500 Technology Ct.
Smyrna, Georgia  30082
(404) 319-9999
(800) 241-6898

XonTech Inc.
6862 Hayenhurst Avenue
Van Nuys, CA  91406
(818) 787-7380
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APPENDIX D.

LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS

Kin-Tek
504 Laurel St.
Lamarque, Texas  77568
(409) 938-3627
(800) 326-3627

Vici Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550

Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd.
Avondale, PA  19311
(215) 268-3181

Ecology Board, Inc.
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795

Tracor, Inc.
6500 Tracor Land
Austin, TX
(512) 926-2800

Metronics Associates, Inc.
3201 Porter Drive
Standford Industrial Park
Palo Alto, CA 94304
(415) 493-5632
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TABLE 2.  CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING 
THE TITLE III CLEAN AIR ACT AMENDMENT COMPOUNDS

Compound CAS No. Primary Ion Secondary Ion

Methyl chloride (chloromethane); CH3Cl 74-87-3 50 52

Carbonyl sulfide; COS 463-S8-1 60 62

Vinyl chloride (chloroethene); C2H3Cl 7S-01-4 62 64

Diazomethane; CH2N2 334-88-3 42 41

Formaldehyde; CH2O 50-00-0 29 30

1,3-Butadiene; C4H6 106-99-0 39 54

Methyl bromide (bromomethane); CH3Br 74-83-9 94 96

Phosgene; CCl2O 75-44-5 63 65

Vinyl bromide (bromoethene); C2H3Br 593-60-2 106 108

Ethylene oxide; C2H4O 75-21-8 29 44

Ethyl chloride (chloroethane); C2H5Cl 75-00-3 64 66

Acetaldehyde (ethanal); C2H4O 75-07-0 44 29, 43

Vinylidene chloride (1,1-dichloroethylene); C2H2Cl2 75-35-4 61 96

Propylene oxide; C3H6O 75-56-9 58 57

Methyl iodide (iodomethane); CH3I 74-88-4 142 127

Methylene chloride; CH2Cl2 75-09-2 49 84, 86

Methyl isocyanate; C2H3NO 624-83-9 57 56

Allyl chloride (3-chloropropene); C3H5Cl 107-05-1 76 41, 78

Carbon disulfide; CS2 75-15-0 76 44, 78

Methyl tert-butyl ether; C5H12O 1634-04-4 73 41, 53

Propionaldehyde; C2H5CHO 123-38-6 58 29, 57

Ethylidene dichloride (1,1-dichloroethane); C2H4Cl2 75-34-3 63 65, 27

Chloroprene (2-chloro-1,3-butadiene); C4H5Cl 126-99-8 88 53, 90

Chloromethyl methyl ether; C2H5ClO 107-30-2 45 29, 49

Acrolein (2-propenal); C3H4O 107-02-8 56 55

1,2-Epoxybutane (1,2-butylene oxide); C4H8O 106-88-7 42 41, 72

Chloroform; CHCl3 67-66-3 83 85, 47

Ethyleneimine (aziridine); C2H5N 151-56-4 42 43

1,1-Dimethylhydrazine; C2H8N2 57-14-7 60 45, 59

Hexane; C6H14 110-54-3 57 41, 43

1,2-Propyleneimine (2-methylazindine); C3H7N 75-55-8 56 57, 42

Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 53 52

Methyl chloroform (1,1,1 trichloroethane); C2H3Cl3 71-55-6 97 99, 61

Methanol; CH4O 67-56-1 31 29

Carbon tetrachloride; CCl4 56-23-5 117 119

Vinyl acetate; C4H6O2 108-05-4 43 86

Methyl ethyl ketone (2-butanone); C4H8O 78-93-3 43 72
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TABLE 2.  (continued)

Compound CAS No. Primary Ion Secondary Ion

Benzene; C6H6 71-43-2 78 77,50

Acetonitrile (cyanomethane); C2H3N 75-05-8 41 40

Ethylene dichloride (1,2-dichloroethane); C2H4Cl2 107-06-2 62 64, 27

Triethylamine; C6H15N 121-44-8 86 58, 101

Methylhydrazine; CH6N2 60-34-4 46 31, 45

Propylene dichloride (1,2-dichloropropane); C3H6Cl2 78-87-5 63 41, 62

2,2,4-Trimethyl pentane; C8H18 540-84-1 57 41, 56

1,4-Dioxane (1,4 Diethylene oxide); C4H8O2 123-91-1 88 58

Bis(chloromethyl) ether; C2H4Cl2O 542-88-1 79 49, 81

Ethyl acrylate; C5H8O2 140-88-5 55 73

Methyl methacrylate; C5H8O2 80-62-6 41 69, 100

1,3-Dichloropropene; C3H4Cl2 (cis) 542-75-6 75 39, 77

Toluene; C7H8 108-88-3 91 92

Trichloethylene; C2HCl3 79-01-6 130 132, 95

1,1,2-Trichloroethane; C2H3Cl3 79-00-5 97 83, 61

Tetrachloroethylene; C2Cl4 127-18-4 166 164, 131

Epichlorohydrin (l-chloro-2,3-epoxy propane); C3H5ClO 106-89-8 57 49, 62

Ethylene dibromide (1,2-dibromoethane); C2H4Br2 106-93-4 107 109

N-Nitrso-N-methylurea; C2H5N3O2 684-93-5 60 44, 103

2-Nitropropane; C3H7NO2 79-46-9 43 41

Chlorobenzene; C6H5Cl 108-90-7 112 77, 114

Ethylbenzene; C8H10 100-41-4 91 106

Xylenes (isomer & mixtures); C8H10 1330-20-7 91 106

Styrene; C8H8 100-42-5 104 78, 103

p-Xylene; C8H10 106-42-3 91 106

m-Xylene; C8H10 108-38-3 91 106

Methyl isobutyl ketone (hexone); C6H12O 108-10-1 43 58, 100

Bromoform (tribromomethane); CHBr3 75-25-2 173 171, 175

1,1,2,2-Tetrachloroethane; C2H2Cl4 79-34-5 83 85

o-Xylene; C8H10 95-47-6 91 106

Dimethylcarbamyl chloride; C3H6ClNO 79-44-7 72 107

N-Nitrosodimethylamine; C2H6N2O 62-75-9 74 42

Beta-Propiolactone; C3H4O2 57-57-8 42 43

Cumene (isopropylbenzene); C9H12 98-82-8 105 120

Acrylic acid; C3H4O2 79-10-7 72 45, 55

N,N-Dimethylformamide; C3H7NO 68-12-2 73 42, 44

1,3-Propane sultone; C3H6O3S 1120-71-4 58 65, 122

TABLE 2.  (continued)
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Compound CAS No. Primary Ion Secondary Ion

Acetophenone; C8H8O 98-86-2 105 77,120

Dimethyl sulfate; C2H6O4S 77-78-1 95 66,96

Benzyl chloride (a-chlorotoluene); C7H7Cl 100-44-7 91 126

1,2-Dibromo-3-chloropropane; C3H5Br2Cl 96-12-8 57 155, 157

Bis(2-Chloroethyl)ether; C4H8Cl2O 111-44-4 93 63, 95

Chloroacetic acid; C2H3ClO2 79-11-8 50 45, 60

Aniline (aminobenzene); C6H7N 62-53-3 93 66

1,4-Dichlorobenzene (p-); C6H4Cl2 106-46-7 146 148, 111

Ethyl carbamate (urethane); C3H7NO2 51-79-6 31 44, 62

Acrylamide; C3H5NO 79-06-1 44 55, 71

N,N-Dimethylaniline; C8H11N 121-69-7 120 77, 121

Hexachloroethane; C2Cl6 67-72-1 201 199, 203

Hexachlorobutadiene; C4Cl6 87-68-3 225 227, 223

Isophorone; C9H14O 78-59-1 82 138

N-Nitrosomorpholine; C4H8N2O2 59-89-2 56 86, 116

Styrene oxide; C8H8O 96-09-3 91 120

Diethyl sulfate; C4H10O4S 64-67-5 45 59, 139

Cresylic acid (cresol isomer mixture); C7H8O 1319-77-3

o-Cresol; C7H8O 95-48-7 108 107

Catechol (o-hydroxyphenol); C6H6O2 120-80-9 110 64

Phenol; C6H6O 108-95-2 94 66

1,2,4-Trichlorobenzene; C6H3Cl3 120-82-1 180 182, 184

Nitrobenzene; C6H5NO2 98-95-3 77 51, 123
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TABLE 3.  REQUIRED BFB KEY IONS AND 
ION ABUNDANCE CRITERIA

Mass Ion Abundance Criteria1

50 8.0 to 40.0 Percent of m/e 95

75 30.0 to 66.0 Percent of m/e 95

95 Base Peak, 100 Percent Relative Abundance

96 5.0 to 9.0 Percent of m/e 95 (See note)

173 Less than 2.0 Percent of m/e 174

174 50.0 to 120.0 Percent of m/e 95

175 4.0 to 9.0 Percent of m/e 174

176 93.0 to 101.0 Percent of m/e 174

177 5.0 to 9.0 Percent of m/e 176

All ion abundances must be normalized to m/z 95, the1

 nominal base peak, even though the ion abundance of m/z
 174 may be up to 120 percent that of m/z 95.
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TABLE 4.  METHOD DETECTION LIMITS (MDL)1

TO-14A List Lab #1, SCAN Lab #2, SIM

Benzene 0.34 0.29

Benzyl Chloride -- --

Carbon tetrachloride 0.42 0.15

Chlorobenzene 0.34 0.02

Chloroform 0.25 0.07

1,3-Dichlorobenzene 0.36 0.07

1,2-Dibromoethane -- 0.05

1,4-Dichlorobenzene 0.70 0.12

1,2-Dichlorobenzene 0.44 --

1,1-Dichloroethane 0.27 0.05

1,2-Dichloroethane 0.24 --

1,1-Dichloroethene -- 0.22

cis-1,2-Dichloroethene -- 0.06

Methylene chloride 1.38 0.84

1,2-Dichloropropane 0.21 --

cis-1,3-Dichloropropene 0.36 --

trans-1,3-Dichloropropene 0.22 --

Ethylbenzene 0.27 0.05

Chloroethane 0.19 --

Trichlorofluoromethane -- --

1,1,2-Trichloro-1,2,2-trifluoroethane --

1,2-Dichloro-1,1,2,2-tetrafluoroethane -- --

Dichlorodifluoromethane -- --

Hexachlorobutadiene -- --

Bromomethane 0.53 --

Chloromethane 0.40 --

Styrene 1.64 0.06

1,1,2,2-Tetrachloroethane 0.28 0.09

Tetrachloroethene 0.75 0.10

Toluene 0.99 0.20

1,2,4-Trichlorobenzene -- --

1,1,1-Trichloroethane 0.62 0.21

1,1,2-Trichloroethane 0.50 --

Trichloroethene 0.45 0.07

1,2,4-Trimethylbenzene -- --

1,3,5-Trimethylbenzene -- --

Vinyl Chloride 0.33 0.48

m,p-Xylene 0.76 0.08

o-Xylene 0.57 0.28

Method Detection Limits (MDLs) are defined as the product of the standard1

 deviation of seven replicate analyses and the student's "t" test value for 99%
 confidence.  For Lab #2, the MDLs represent an average over four studies. 
 MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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TABLE 5.  SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)
FROM EPA NETWORK OPERATIONS1

Monitoring Compound
Identification %RP # ppbv %RP # ppbv

EPA's Urban Air Toxics Monitoring EPA's Toxics Air Monitoring Stations
Program (UATMP) (TAMS)

Dichlorodifluoromethane -- -- 13.9 47 0.9
Methylene chloride 16.3 07 4.3 19.4 47 0.6
1,2-Dichloroethane 36.2 31 1.6 -- -- --
1,1,1-Trichloroethane 14.1 44 1.0 10.6 47 2.0
Benzene 12.3 56 1.6 4.4 47 1.5
Trichloroethene 12.8 08 1.3 -- -- --
Toluene 14.7 76 3.1 3.4 47 3.1
Tetrachloroethene 36.2 12 0.8 -- -- --
Chlorobenzene 20.3 21 0.9 -- -- --
Ethylbenzene 14.6 32 0.7 5.4 47 0.5
m-Xylene 14.7 75 4.0 5.3 47 1.5
Styrene 22.8 59 1.1 8.7 47 0.2
o-Xylene -- -- 6.0 47 0.5
p-Xylene --
1,3-Dichlorobenzene 49.1 06 0.6 -- -- --
1,4-Dichlorobenzene 14.7 14 6.5 -- -- --

2 2

Denotes the number of replicate or duplicate analysis used to generate the statistic.  The replicate precision is1

 defined as the mean ratio of absolute difference to the average value.
Styrene and o-xylene coelute from the GC column used in UATMP.  For the TAMS entries, both values were2

 below detection limits for 18 of 47 replicates and were not included in the calculation.

TABLE 6.  AUDIT ACCURACY (AA) VALUES  FOR SELECTED 1

COMPENDIUM METHOD TO-14A COMPOUNDS

Selected Compounds From TO-14A List FY-88 TAMS AA(%), N=30 FY-88 UATMP AA(%), N=3

Vinyl chloride 4.6 17.9
Bromomethane -- 6.4
Trichlorofluoromethane 6.4 --
Methylene chloride 8.6 31.4
Chloroform -- 4.2
1,2-Dichloroethane 6.8 11.4
1,1,1-Trichloroethane 18.6 11.3
Benzene 10.3 10.1
Carbon tetrachloride 12.4 9.4
1,2-Dichloropropane -- 6.2
Trichloroethene 8.8 5.2
Toluene 8.3 12.5
Tetrachloroethene 6.2 --
Chlorobenzene 10.5 11.7
Ethylbenzene 12.4 12.4
o-Xylene 16.2 21.2

Audit accuracy is defined as the relative difference between the audit measurement result and its nominal value divided by1

the nominal value.  N denotes the number of audits averaged to obtain the audit accuracy value.  Information is not available
for other TO-14A compounds because they were not present in the audit materials.
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Figure 1.  Sampler configuration for subatmospheric pressure or pressurized canister sampling.
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Figure 2.  Electrical pulse circuits for driving Skinner magnelatch solenoid valve with
mechanical timer.
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Figure 3.  Alternative sampler configuration for pressurized canister sampling.
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Figure 4.  Illustration of three stages of dry purging of adsorbent trap.
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Figure 6.  Simplified diagram of a quadrupole mass spectrometer.

Figure 7.  Simplified diagram of an ion trap mass spectrometer.
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COMPENDIUM METHOD TO-15
CANISTER SAMPLING FIELD TEST DATA SHEET

A.GENERAL INFORMATION 

SITE LOCATION:  SHIPPING DATE:  

SITE ADDRESS:  CANISTER SERIAL NO.:  

SAMPLER ID:  

SAMPLING DATE:  OPERATOR:  

CANISTER LEAK

CHECK DATE:  

B. SAMPLING INFORMATION

TEMPERATURE PRESSURE

INTERIOR AMBIENT MAXIMUM MINIMUM CANISTER PRESSURE

START

STOP

SAMPLING TIMES FLOW RATES

LOCAL TIME ELAPSED TIME MANIFOLD CANISTER FLOW
METER READING FLOW RATE FLOW RATE CONTROLLER

READOUT

START

STOP

SAMPLING SYSTEM CERTIFICATION DATE:  
QUARTERLY RECERTIFICATION DATE:  

C. LABORATORY INFORMATION

DATA RECEIVED:  
RECEIVED BY:  
INITIAL PRESSURE:  
FINAL PRESSURE:  
DILUTION FACTOR:  
ANALYSIS

GC-FID-ECD DATE:  
GC-MSD-SCAN DATE:  
GC-MSD-SIM DATE:  

RESULTS*:  

GC-FID-ECD:  
GC-MSD-SCAN:  
GC-MSD-SIM:  

SIGNATURE/TITLE

Figure 9.  Canister sampling field test data sheet (FTDS).
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Figure 10.  Canister cleaning system.
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Figure 11.  Canister analysis utilizing GC/MS/SCAN/SIM analytical system with optional flame ionization detector with
6-port chromatographic valve in the sample desorption mode.  

[Alternative analytical system illustrated in Figure 16.]
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Figure 12.  Example of humid zero air test results for a clean sample canister
(a) and a contaminated sample canister (b).
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Figure 13.  Diagram of design for internal standard addition.
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Figure 14.  Water method of standard preparation in canisters.
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Figure 15.  Diagram of the GC/MS analytical system.



Method TO-15 VOCs

Page 15-62 Compendium of Methods for Toxic Organic Air Pollutants January 1999

Fi
gu

re
 1

6.
  S

am
pl

e 
fl

ow
 d

ia
gr

am
 o

f 
a 

co
m

m
er

ci
al

ly
 a

va
ila

bl
e 

co
nc

en
tr

at
or

 s
ho

w
in

g 
th

e 
co

m
bi

na
tio

n 
of

 m
ul

tis
or

be
nt

 tu
be

 a
nd

 c
oo

le
r 

(T
ra

p 
1 

sa
m

pl
in

g;
 T

ra
p 

2 
de

so
rb

in
g)

.



VOCs Method TO-15

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-63



APPENDIX D 
Organic Vapor Meter (OVM) / Datalogger 

Instruction Manual 



ORGANIC VAPOR METER (OVM) I DATALOGGER

INSTRUCTION MANUAL
PIN 16860

THIS EQUIPMENT IS SUITABLE FOR USE IN
CLASS I, DIVISION 2, GROUPS (AS APPLICABLE)
OR NON-HAZARDOUS LOCATIONS ONLY.

WARNING - EXPLOSION HAZARD - SUBSTITUTION
OF COMPONENTS MAY IMPAIR SUITABILITY FOR
CLASS I, DIVISION 2.
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8 WEST FORGE PARKWAY

FRANKLIN, MASSACHUSETTS 02038
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INSTRUMENT WARRANTY

WARRANTY. Subject to the exceptions stated below, Thermo Envi-
ronmental Instruments Inc. agrees to correct, either by repair or
at our opinion, by replacement, any defects in materials or work-
manship which develop within one year from the date of surface
shipment, parts and labor supplied free-of charge and surface
transportation costs to ~ borne by the offeror both ways, provided
that the investigation and inspection defects developed under
normal and proper use.

The exceptions mentioned above are: (1) All items claimed must be
returned to Thermo Environmental Instruments Inc., transportation
charges collect, and will be shipped prepaid and charged to the
customer unless the item is found to be defective and covered by
the warranty in which case Thermo Environmental Instruments Inc.
will pay all surface transportation charges; (2) Thermo
Environmental Instruments Inc. agrees to extend to the customer
whatever warranty is given to Thermo Environmental Instruments Inc.
and incorporated into products sold to the customer; (3) Thermo
.Environmenta I Instruments Inc. shall be released from all obliga-
tions under this warranty in the event repairs or modifications are
made by persons other than its own authorized service personnel, or
service personnel from an authorized representative, unless such
repair is minor, merely the installation of a new plug-in
component; (4) If any model or sample was shown to the Purchaser,
such model or sample was shown merely to illustrate the article and
not to represent that any article delivered hereunder would conform
to the model or sample; and (5) Spare parts are warranted for
ninety (90) days.

THE FOREGOING WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER
WARRANTIES, WHETHER WRITTEN, ORAL, IMPLIED OR STATUTORY. SELLER
DOES NOT WARRANT MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR
PURPOSE, OR MAKE ANY OTHER WARRANTY OR AGREEMENT EXPRESSED OR
IMPLIED WITH RESPECT TO ANY ARTICLES COVERED HEREUNDER. tHERE ARE
NO WARRANTIES WHICH EXTEND BEYOND THOSE EXPRESSLY STATED IN THIS
CONTRACT.
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SECTION I
INTRODUCTION

1 INTRODUCTION

The 580B is a portable Organic Vapor Meter (DVM), which
detects and quantitates most organic vapors with a highly sensi-
tive photoionization detector (PIC). The 580B has an operating
range of 0-2000 parts per million (ppm) with a minimum detectable
of 0.1 ppm. No support gases are required.

The 580B is controlled by a microprocessor which provides
many features that were not previously available. Maximum siqnal
hold, detector linearization, overrange lockout, IBM PC (or
compatible) interface, extensive data logging capabilities and
much more. With the many features provided by the 580B leak
detection, head space measurements, and field survey are all
easily accomplished. Completely portable, the 580B operates from
internal batteries for eight hours in the field.

1.1 ABOUT THIS MANUAL

This manual is broken down into eight chapters. The first
chapter (this one) provides a general overview of the 580B.
Chapter two discusses, in great detail, the extensive facilities
of the 580B. The focus of this chapter is on how to use the
seven switches to access the various facilities. Chapter three
explains, in detail, how to perform routine maintenance on the
580B. Chapter four is a technical discussion of calibration and
methods for generating standards. Chapter five is a technical
discussion of a few applications which illustrate some of the
uses of the 580B. Chapter six is a technical discussion of
methods for collecting a sample using the 580B. Chapter seven is
a discussion of the communication facilities provided by the
580B. Chapter eight contains two flow charts which illustrate
the 580B software flow. This chapter is a helpful tool for the
new user. Appendix A is a detailed explanation of the 580B
communication protocol. This chapter is provided in order to
allow a programmer to develop specialized communication software
for the 580B. There are several other addendums which contain
miscellaneous information about the 580B.

INSTRUMENT OVERVIEW1.2

This section describes various points of interest on the
Each number refers to a number in Figure 1.1.58GB.

1. POWER PLUG - The power plug is used to run the instru-
ment from its internal batteries. There is a chain attached to
the power plug so that it will not be lost.

2. RS-232 CONNECTOR - This connector is used for communi-
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cation with a serial printer or computer. A communication cable
provided with the instrument fits into the receptacle.

3. KEY PAD - There are seven switches which operate the
580B. The switch marked ON/OFF is used to turn the pump and lamp
on and off. The switch marked LIGHT will turn on backlighting
for the two line display. The other five switches perform var-
ious functions. For a detailed description of the function of
each switch see chapter two or the flow charts in chapter eight.

DISPLAY - The 580B has a two line by sixteen character4.
display.

5 . SHOULDER STRAP -
for carrying the 5808.

There is an adjustable shoulder strap

6. SAMPLE EXIT PORT - The 580B sample is drawn into the
detector by a positive displacement pump and then sent back out
through the exit port.

NOTE : The photoionization detector is a non destructive
detector so the sample may be collected at the exit for further
analysis (see Chapter Six).

PUMP - The 580B pump draws the sample into the detec-7.
tor.

8. MOUNTING SCREWS - There are four captive screws which
hold the 580B top and bottom together. The screws are specially
designed so that they do not fallout when they are loosened out
of the case top.

9. DETECTOR - The photoionization detector is shown with
the lamp and high voltage power supply.

10. SAMPLE INLET - Sample is drawn into the detector
through the sample inlet at the front of the 580B.

11. SIGBAL CABLE - The PID signal is brought up to the
microprocessor, for analysis, via the coaxial signal cable.

12 . BASE BARHESS - The base harness pI u9s into a connector
on the case top.

1.3 580B FEATURES

This section provides a brief overview of the various
features of the 580B. After reading this section the user should
have a good idea of what the instrument can do. Chapters two and
three will explain, in detail, how each feature is selected.

TORIfDlG ON PUMP AIm LAMP - The pump and lamp are turned on
by pressing the ON/OFF switch (the instrument power must already
be on).

CALIBRATION - Calibration of the 580B is extremely impor-
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tanto Chapter two explains how to calibrate the 580B in great
detail. Chapter four discusses at length some of the basic
theory and aethods behind calibration. It is strongly suggested
that this chapter be read in order to gain a deeper understanding
of usage of the 580B. Chapter three also discusses calibration.

COB~TIOBS - Once the lamp and pump have been turned on
the 580B begins to display the concentration of the incoming
sample on the bottom line of the display. Normally the top line
of the display will be a bar graph (logarithmic on a scale of
zero to 2000). The operator may however select the MAX HOLD mode
of operation. When in MAX HOLD, the top line of the display will
show the highest concentration recorded.

LOGGIMG - The 580B provides extensive facilities for logging
information. The operator may save a particular reading along
with a six digit location code and a date and time sta.p. If the
580B is in the MAX HOLD .ode when logging is initiated then the
max hold value will be logged.

AUTO LOGGXRG - Logging may be perforaed automatically by
using the 580B's auto logging feature. Auto logging is not
allowed while in the MAX HOLD mode. When auto logging is select-
ed a LOGGING INTERVAL is selected (anywhere from one second to 99
minutes and 59 seconds). At the end of each logging interval the
present concentration will be logged (the location code is auto-
matically incremented each time).

AVERAGE - The 580B normally updates the concentration once
per second. The operator has the option of setting the averaging
time anywhere from one second up to four .inutes.

NOTE : The botto. line of the display will be blank
until the first averaging interval is co.pleted. The top line
will however be updated each second.

RESPONSE PAL~vR - A response factor may be used in order to
relate a particular gas to the calibration gas. When computing
the displayed concentration the microprocessor multiplies the
measured concentration by the response factor and displays the
result. If the response factor is one, then the concentration is
not changed. Chapters four and five explain some uses of the
response factor.

LAMP SELECTION - The 5808 allows for calibration data to be
saved for one 10.0 eV lamp and one 11.8 eV lamp. This allows
lamps to be switched in the field without requiring recalibra-
tion. A lamp serial number may also be entered.

ALARM - An alarm level may be selected. The 5808 will sound
an audible alarm (the top line will also indicate an alarm)
whenever the concentration goes above the selected alarm level.

ACCESS - The 580B provides four access levels so that var-
ious features may be "locked out." User identification number
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and instrument number are also provided.

CLOCK - The 5808 has an internal clock which will run even
when the instrument power is cut off.

COMMUNICATION - The 580B has a serial communication port for
outputing data to a serial printer. Many of the 580B features
may be accessed from a remote computer through the serial commu-
nication port (there is communication software available which
will run on an IBM PC or clone).

DISPLAY LOGGED DATA - The logged data may be displayed on
the 580B's two line display.
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SECTION II
PRINCIPAL OF OPERATION

PHOTOIONIZATION DETECTOR OPERATION & THEORY

1 GENERAL

The sample is drawn into the ion chamber by a pump down
stream of the detector. Here the sample is bombarded by ultra-
violet light (uv) exciti~g the molecule. If the energy, (hU) of
the UV light is greater than the ionization potential (IP) of the
sample molecule (R) an electron will be removed, ionizing the
molecule. A positively charged molecule and a free electron are
produced, as :

R + hu -> R+ + e'

Several typical reactions follow:

- IP = 9.2 eVC6B6 (benzene) + bu -> C6B6+ + e

IP - 9.9 eV.H2C=CHCl (VCM) + hu -> H2C=CHCl + + e'

- IP = 10.9 eVC3HS (propane) + hu -> C3Hs+ + e

For this reason the ionization potential of the subject
molecule plays an important role in selecting the lamp energy.
Ionization potentials are expressed in electron volts (eV). A
list of ionization potentials can be found in Appendix E of this
manual or a more complete list in the CRC "Handbook of Chemistry
and Physics".

2.1.2 LAMP ENERGIES

There are three lamps available from TEI, 10.0 eV, 10.6 eV,
and 11.8 eVe The different energies are obtained by filling the
lamp envelopes with different gases and selecting a window which
will pass the wavelenqth produced when the gas is excited. The
combination of gas and windows which produce these energies are
listed below:

ENERGY WINDOW WAVELENGTH
(nm)

GAS

10.0 eV
10.6 eV
11.8 eV

Krypton
Krypton
Argon

MgF
MgF
LiF

123.6
117.4
105.1

Though ionization potential will help the user select a
lamp, it will not give any information as to the performance of
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the detector in measuring a specific compound. The response of
the system varies considerably from compound to compound even
though they may have the same ionization potential. Some gener-
alizations may help the user obtain a feeling for the difference
in response between compounds.

2.1.3 COMPARATIVE RESPONSE

The following is an idealized response chart. No attempt is
made to quantitate the relationship, it's a guideline.

Decreasing PID Response: Aromatic Compounds
Unsaturated Compounds
Saturated Compounds
Ketones
Alcohols
Compounds with Sub Groups

It becoaes obvious that sensitivity is influenced by the
electronegativity of the molecule though this is not a predict-
able .easure of perfor.ance. The only true test of performance is
to measure the specific compound of interest and compare it to a
good performing standard such as isobutylene.

2.1.4 RESPONSE FACTORS

This relative comparison with isobutylene mentioned above is
a very effective way of measuring a variety of compounds without
the need to recalibrate for each compound.

The development of a RESPONSE FACTOR allows the operator to
correct the instrument's response given a one to one correspond-
ence for all compounds measured, using isobutylene as the refer-
ence standard.

Hote: Because there is variation in lamp production and hence
performance, it is suggested that all calibration and subsequent
development of response factors be done on the same lamp/instru-
ment combination.

The preparation of standards and the development of response
factors is discussed in subsequent sections of this manual. Once
the response factor is generated, it is entered into the 580. The
instrument automatically reports the concentration of the com-
pound measured in relative units. It is important to recognize
that all compounds measured at that time will be reported rela-
tive to the response factor entered in the instrument. For
example, if we have calibrated the instrument on isobutylene and
have entered a response factor for benzene, we will read concen-
trations with a one to one correspondence to benzene. If during
these measurements toluene or any other compound is encountered,
the instrument will report the concentration as if it was measur-
ing benzene. For this reason care should be taken when using
this facility.

The above discussion should give the reader a good overview
of PID perforaance. To further understand the intricacies of the
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Figure 2.1
Photo Ionization Detector
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instrument it is suggested that the user prepare a number of
standards of different compounds and measure them relative to
isobutylene. Included in this comparison should be several
mixtures of compounds such as gasoline, paint thinner, or clean-
ing sol vent, etc. Through this type of study the inequity of the
PID response will be better understood making the Model 580 a
more effective tool. The use of the instrument is discussed in
greater detail in subsequent sections.

2.1.5 PHOTOIONIZATION DETECTOR

The detector is constructed of Teflon and stainless steel to
eliminate chemical interaction with the surfaces that are encoun-
tered by the sample. To further reduce possible interaction with
the surfaces, the flow rate thru the detector is high, 400 - 500
cc/min developing a very dynamic transport of the sample.

Referring to Fiqure 2.1, the sample is drawn into the ioni-
zation chamber through the jet electrode where the UV radiation
from the lamp ionizes the sample. A bias voltage of several
hundred volts is applied to the jet to aid in the collection of
ions. As a result of the ionization process and the impingement
of the UV energy from the lamp on the saaple, positively charged
ions and free electrons are produced. The jet is negative rela-
tive to the collector where the electrons are collected.

Between the jet and the collector, separated on both sides
by Teflon, is the guard electrode. Its function is to eliminate
surface currents which could flow between the two active .,elec-
trades. When the Teflon surfaces become dirty during use, there
can be the development of a conduction path on the Teflon, which
increases in high humidity situations. The guard electrode
eliminates this path. The collector electrode is connected to
the electrometer which measures the ion current produced during
the ionization process. The sample is moved through the detector
by an external pump which is on the exit of the detector.

2.2 PROGRAM OPERATION

Z.Z.l INTRODUCTION

The 5808 has seven switches located just below the display.
They are labeled:

LIGHT +/INC -/CRSR SPKRON/OFF MODE/STORE RESET

The ON/OFF switch toggles the lamp and puap power between on
and off. The MODE/STORE, RESET, +/INC, -/CRSR and SPKR switches
all have various meanings (including none at all) depending upon
the mode. The SPKR switch normally is used to toggle the
instrument speaker between on and off. Pressing the MODE/STORE
switch will cause the 5808 to return to the Run mode, except when
the 5808 is already in this mode. In which case it will cause the
580B to enter the Log mode.

The LIGHT switch is used to illuminate the display.
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The 580B has several modes. Some of the modes may have sub
modes. The modes and sub modes are tabulated below.

Run mode
Concentration meter normal
Max hold

Log mode
Parameter mode

Calibration mode
Access mode
Clock mode
Communication mode

The following sections will describe each mode and how to
get to them and through them. It is strongly suggested that this
section be carefully read and that the 580B be used along with
the manual in order to re-enforce the manual.

2.2.2 POWER FOR LAMP AND PUMP

When the 580B is first turned on (see section 1.3) the
display will indicate that the lamp is not lit. Pressing the
ON/OFF switch will tell the microprocessor to turn on the lamp
and the pump. The microprocessor will send power to the lamp and
pump and then "look" to see if the lamp is actually lit. If it
did not light then the microprocessor will try again.

If after fourteen seconds the lamp still will not light,
then the microprocessor will indicate a lamp out condition.

In the event that the microprocessor is unable to light the
lamp, check the seating of the lamp (see section 3.1). If the
problem persists, call service.

Once the lamp is lit, the display will show the PPM (parts
per million) on the bottom line. The top line will either be a
bar graph or the maximum reading (see section 2.2.3).

To turn the lamp and pump off simply press the ON/OFF
switch.

2.2.3 RUN MODES

The 580B has two run modes, Max Hold and Concentration
meter. The run mode is selected in the Parameters section (see
section 2.4). In the concentration meter mode the top line of
the display will be a bar graph. The bar graph is a logarithmic
bar graph over the range of 0 to 2000 PPM. The bar graph is
intended as a rough visual indication of the current PPM. The
bottom line will indicate the exact PPM.

In the Max Hold mode the top line of the display will
indicate the maximum reading. The bottom line of the display
will indicate the current PPM. Whenever a new maximum is seen,
the top line will be updated. The Max Hold reading may be reset
by pressing the RESET switch while in the run mode.

2.2.4 LOG MODE

The ability to "log" data is one of the 580B's greatest
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features. Readings may be stored for later analysis. Each
reading will have a date and time as well as a location code
associated with it. Up to over 700 readings may be stored.
Logged data may even be sent to a printer or computer via an RS-
232 serial communication port (see section 2.7).

The Log mode is entered from the Run mode by pressing the
MODE/STORE switch. When this switch is pressed from the Run mode
the display will show:

LOG THIS VALUE?

on the top line and either PPM or MAX PPM on the bottom line
depending upon which run mode the 580B is currently in. By
pressing the +/INC switch the display will then show:

LOC. CODE 000001

on the top line (the actual location code may not be 000001).
The location code may now be entered. By pressing the +/INC
switch the number above the cursor may be incremented. By
pressing the -/CRSR switch the cursor may be moved to the next
digit. The 580B aut08atically increments the location code each
time a data point is logged.

Once the desired location code has been entered, pressing
the MODE/STORE switch will "log" the data point. This means that
the reading displayed on the bottom line, along with the location
code, the current date and the current time will be stored into
the 580B's memory. The 580B will then return to the Run mode.

If for any reason logging is not desired, pressing the RESET
switch rather than the MODE/STORE switch will cause the value not
to be stored. The 580B will then go back to displaying:

LOG THIS VALUE?

Pressing the mode switch will now return the 5808 to the Run
mode.

It is possible, when attempting to log a data point, that
rather than the display showing "LOC. CODE 000001" it will show
"BAR CODE: ." Don't be alarmed. This has happened becouse
the location mode selection is not properly set. Section 2.4.3
describes how to set this parameter. Pressing the mode/store
switch will cancel the logging operation and return to the run
mode. The location mode selection should be changed as described
in section 2.4.3.

2.2.4A AUTO LOGGING MODE

The 580B may be instructed to automatically 109 data
accordin9 to a predefined time interval. AUTO LOGGING is select-
ed from within the Parameters section (see section 2.4). At the
end of the 1099in9 interval (settable from 1 second up to 99
minutes and 59 seconds) the current average ppm value will be
logged and the loq9in9 interval will be restarted.



NOTE: Auto logging is not allowed with the Max Hold mode.

2.2.5 SPEAKER

While the 580B is in the Run mode the speaker may be turned
on. The speaker will generate a "clicking" which will increase
in speed as the concentration increases. The purpose of the
speaker is to give the operator an audible indication of the PPM.
The speaker may be turned on or off by pressing the SPKR switch.
The speaker rate may also be changed by changing the switches
located inside of the instrument. only one of the four speaker
rate switches should be on (in the down position) at any time.

LOW BATTERY2.2.6
The 580B will display a warning when the battery is low.

The warning will be a flashing B in the left hand corner of the
bottom line of the display when the 580B is in the Run mode. The
580B should be recharged when the low battery warning is activat-

ed.

OVERRANGE2.2.7
overrange warning if the
The top line of the display

The 580B will display an
concentration goes above 2000 PPM.
will show:

OVERRANGE

Once an overrange condition occurs the instrument will "lock
out". This means that the overrange warning will continue to be
displayed until the instrument is brought to a "clean" area. A
clean area is defined to be an area where the concentration of
organic vapors is below 20 PPM. The 580B will continue to indi-
cate PPM on the bottom line during an overrange condition.

2.2.8 ALARM

The 580B has an alarm which will sound if the PPM rises
above the alarm setting. The alarm setting is entered in the
Parameters mode (see section 2.4.3). If the speaker is not
activated then the alarm will of course not be heard. Once the
PPM drops below the alarm setting the alarm will turn off. The
top line of the display will also indicate when there is an
alarm condition.

MAIN MENU

By pressing the MODE/STORE switch from the Run mode and then
pressing the -/CRSR switch when asked if logging is desired,

580B will display the main menu:

- /PARAM
S/CLOCK

R/COMM
+/ACCESS
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The other four operating modes (Communication, Parameters,
Access and Clock) may be entered from the Main menu. The operat-
ing mode may always be returned to by pressing the MODE/STORE
switch.

2.4 PARAMETERS MODE

All of the 5808 operating parameters are entered in the
Parameters mode. The 5808 is also calibrated from within the
Parameters mode.

The Parameters mode may be entered by pressing the -/CRSR
switch from the main menu.

There are nine different sections in the Parameters mode.

1. Run mode selection
2. Auto logging selection
3. Location mode selection
4. Average time selection
5. Alarm setting
6. Lamp selection
7. Response factor setting
8. Calibration
9. Free space indication

Pressing the +/INC switch will advance the 5808 to the next
section. pressing the -/CRSR will advance the 5808 to the previ-
ous section. Each section and any of its sub-sections will be
described in the following pages. It is important to note that
when the 5808 is in a sub-section of any of the above sections
that the +/INC and -/CRSR switches will have a different .eaning.
This may seem confusing at first but will become clear after
stepping through each section.

2.4.1 RUN MODE SELECTION

There are two Run modes. concentration aeter normal and Max
Hold (see Section 2.2.3). The top line of the display will show:

CONC. ~1'~

the botto. line will show:

"RESET" TO CHG

the botto. line will alternate every two seconds with:

MAX HOLD

if the 5808 is in the Max Hold .ode.
will cause the 5808 to show:

Pressing the RESET switch

MAX HOLD
+ = USE/ - = NO
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if the +/INC switch is pressed then the Max Hold mode will be
selected. If the -/CRSR switch is pressed then the Concentration
meter normal mode will be selected. In either case the 5808 will
then return to the previous screen.

2.4.2 AUTO LOGGING SELECTION

The 580B can be confiqured to automatically log data points.
The top line of the display will show:

AUTO LOGGING

The bottom line will alternate between "RESET TO CHG." and
"ON" or "OFF". Pressing the RESET switch will cause the 580B to
show:

AUTO LOGGING
+/ON -/OFF

Pressing the -/CRSR switch will turn auto logging off and return
operation to the previous screen. Pressing the +/INC switch will
enable auto logging and allow setting of the logging interval.
The display will show:

INTERVAL 00:01
"RESET"WHEN DONE

The +/INC switch will increment the number above the cursor and
the -/CRSR switch will move the cursor. The logging interval
format is MM:SS (where M is minute and S is second). Pressing
the RESET switch will return operation to the first auto logging
screen.

2.4.3 LOCATION MODE SELECTION

The 580B may be configured to accept a six digit location
code which is entered via the keypad. There is an alternate
method for entering location codes however UL approval has not
yet been obtained for this option. For updated information
contact Thermo Environmental Instruments inc.

The display shows the currently selected location mode. For
example the display will show:

Loc. code mode
n reset II to chg.

When the 580B is configured to enable operator editing of
the location code, pressing the RESET switch causes the 580 to
show:

Bar code mode
"reset" to chg.
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The 580B is now configured for the alternate location mode
(which is not presently available for use in hazardous
locations). Pressing the reset switch will cause the 580B to be
configured for location code mode.

2.4.4 AVERAGE TIME SELECTION

The 5808 can be confiqured to display the average PPM from
once a second up to once every four minutes. The display will
show:

AVERAGE = 0: 01
"RESET" TO CHG

Pressing the RESET switch will cause the 5808 to show:

AVERAGE = 0:01
"RESET"WHEN DONE

The +/INC switch will increment the number above the cursor and
the -/CRSR switch will move the cursor. The average time format
is M:SS (where M is .inutes and S is seconds).

HOTE: The maximum averaqinq interval is four minutes.

ALARM SETTING2.4.5

The 580B will display the current alarm settinq on the top
line of the display. The setting may be changed by
simultaneously pressing the RESET switch with either the +/INC
switch to increment the digit above the cursor or the -/CRSR
switch to move the cursor.

2.4.6 LAMP SELECTION

The 580B will display:

LAMP

on the top line.
onds between:

The bottom line will alternate every two sec-

"RESET" TO CHG

and the currently selected lamp setting and its associated serial
number.
i.e.

11.8eV 000000

By pressing the RESET switch, the 5808 will display:

+/lOeV -/lleV
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on the bottom line. pressing the +/INC switch will select the
10.0 eV lamp. Pressing the -/CRSR switch will select the 11.8eV
lamp. In either case the 580B will then allow editing of the
lamp serial number. The display will show:

SERIAL # 000000
"RESET"WHEN DONE

The +/INC switch will increment the number above the cursor and
the -/CRSR switch will move the cursor. Pressing the RESET
switch will return operation to the original lamp screen.
When using a 10.0 eV lamp or a 10.6 eV setting should be select-
ed. When using an 11.8 eV lamp the 11 eV setting should be
selected.

RESPONSE FACTOR SETTING2.4.7
The current Response Factor setting will be displayed on the

top line of the display. The Response Factor may be changed by
simultaneously pressing the RESET switch with either the +/INC
switch to increment the digit above the cursor or the -/CRSR
switch to move the cursor.

The response factor is used to equate the response of one
organic vapor with that of the calibration gas. The current
reading is always multiplied by the response factor in order to
obtain the displayed concentration. A response factor of one
will not change the displayed concentration.

2.4.8 CALIBRATION

The 580B will display:

"RESET" TO
CALIBRATE

The calibration mode may be entered by pressing the RESET
" ,-

RESTORE BACKUP
+ = YES

The previous calibration information may be restored by
pressing the +/INC switch. The 580B will then return to the
previous screen. If the backup is not desired, by pressing the
-/INC switch the calibration routine will continue. The display
will show:

ZERO GAS
RESET WHEN READY
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Once zero gas has been introduced the RESET switch should be
pressed. The 580B will then zero the instrument. The 580B will
display:

MODEL 580B
ZEROING

Once the 5808 has been zeroed the 5808 will display:

SPAN PPM = 0000

The Span gas concentration may now be entered by simultane-
ously pressing the RESET switch and either the +/INC switch to
increment the digit above the cursor or the - /CRSR switch to move
the cursor. Once the span gas concentration has been entered the
+/INC switch should be pressed.

The 5808 will then display:

SPAN GAS
RESET WHEN READY

Once the span gas has been introduced the RESET switch
should be pressed. The 580B will then calibrate the instrument.
The 580B will display:

MODEL 5808
CALIBRATING

Once the 5808 has been calibrated the 5808 will go back to
the beginning and display:

"RESET" TO
CALIBRATE

If during the zeroing or calibrating of the 580B a steady
reading was not seen then the 5808 will display:

CAL ERROR
RESET WHEN READY

Pressing the RESET switch will return the 580B to zeroing or
calibrating (depending of course on which it came from).

See section 4.1 for tips on calibrating the 5808.

2.4.9 FREE SPACE INDICATION

This section will give a rough indication of how much room
is left for logging data points. The screen will display a bar
graph on the top line and the amount of free space on the bottom
line. The nuaber indicates the total number of bytes which are
available. Each data point takes fifteen bytes. Other bytes may
also be needed in order to store other important information.
This is why only a rough indication of room may be given.
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ACCESS MODE2.5

The Access mode is entered by pressing the +jINC switch from
the main menu. The 580B has four access levels, zero through
three. Level zero will only allow the operator to log data
points and of course to change access levels (only if the access
code is known). Level one will also allow the user to change the
user identification number. Level two will allow the user
complete access to the Parameters mode, and allow viewing of the
date and time. Access level three allows complete access.

The access mode has three sections:

1. Access level
2. User identification number
3. Instrument number

Pressing the +/INC switch will advance the 580B to the next
section. Pressing the -/CRSR switch will advance the 580B to the
previous section.

TABLE OF ACCESS LEVELS

OPERATIONS ALLOWEDACCESS LEVEL

Change access level
Log data

0

1 All above operations
view time and date
View communication format
Display logged data
Change user I.D.

2 All above operations
Change operating Parameters
Reset logged data

All operations available3

2.5.1 ACCESS LEVEL

The screen will display:

ACCESS LEVEL
"RESET" TO CHG

3

By pressing the RESET switch the 580B will display:

KEY 00003
"RESET" WHEN DONE

2-13



Please note that in both screens the 3 indicates the current
access level and may not necessarily be a three.

In order to change the access level the +/INC switch may be
pressed to increment the digit above the cursor and the -/CRSR
switch may be pressed to move the cursor. The desired access
level should be entered in the right most digit. Note that only
access levels between zero and three are legal. The remaining
four digits are the access code. The access code will be 0000
when the instrument is shipped. The access code should then be
entered. Once this is done press the RESET switch. The 5808
will then return to the previous screen.

If the access code entered was not the proper access code,
or if the access level was not a legal access level then the
access level will not be changed.

The last and most important point regarding the access level
is how to change the access code. The access code is the four
rightmost digits of the instrument number. The instrument number
is only viewable (and therefore only changeable) while in access
level three.

USER IDENTIFICATION NUMBER2.5.2
The screen will display:

1.0.# 014563977
"RESET" TO CHG

By pressing the RESET switch the 580B will display:

I.D.1014563977
"RESET" WHEN DONE

The user identification number may be changed by pressing
the +/INC switch to increment the digit above the cursor and the
-/CRSR switch to move the cursor. The user identification number
is a nine digit number (just right for fitting a social security
number). Once the user identification number has been entered
press the RESET switch and the 580B will return to the previous
screen.

INSTRUMENT NUMBER2.5.3
The screen will display:

INSTR I 000000
"RESET" TO CHG

By pressing the RESET switch the 580B will display:

INSTR # 000000
"RESET" WHEN DONE
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The instrument number may be changed by pressing the +/INC
switch to increment the digit above the cursor and the -/CRSR
switch to move the cursor. Once the instrument number has been
entered the RESET switch should be pressed. The 580B will then
display the previous screen.

When the instrument number is changed it is very important
that the last four digits be remembered. These digits are the
access code and therefore will need to be known in order to
change the access level.

2.6 CLOCK MODE

The Clock mode is entered from the Main menu by pressing the
SPKR switch. The screen will display the date and time on the
top line. The bottom line will display:

"RESET" TO CHG

By pressing the RESET switch the 5808 will display:

"RESET" WHEN DONE

The date and time may be changed by pressing the +/INC
switch to increment the number (or in the case of the month the
months abbreviation) above the cursor. The -/CRSR switch will
move the cursor. Once the proper month has been entered the
RESET switch should be pressed. The 580S will return to the
previous screen.

The date and time will be maintained even when the
instrument is turned off! It is however advisable that the date
and time periodically be checked to ensure that it is correct.

2.7 COMMUNICATION MODE

The Communication mode is entered from the main menu by
pressing the RESET switch. The Communications mode has four
sections.

1. Communicate with printer or computer
2. Display logged data
3. Reset logged data
4. Set communication parameters

Pressing the -/CRSR switch will advance the 580B to the next
section.

NOTE: A detailed discussion of communication protocol is given in
Appendix A. Further discussion of communication may be found in
Section Seven.

2.7.1 COMMUNICATE WITH PRINTER OR COMPUTER

The 580B is capable of communicating with a computer or
outputting logged data to a printer. The 580B will display:

COMMUNICATE?
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"+" = YES

if the computer format is selected or it will display:

OUTPUT TO PRINTER
"+" = YES

if the printer format is selected. In either case pressing the
+/INC switch will cause the 580B to try to establish
coDmunication. Pressing the -/CRSR switch instead will cause the
580B to advance to the next section.

DISPLAY LOGGED DATA2.7.2

If at least one data point has been logged the 5808 will display:

DISP. LOG DATA?
"+" = YES

By pressing the +/INC switch the 580B will display the first
data point. The date and time which the data point was logged
will be displayed on the top line. The bottom line will alter-
nate between the location code and the PPM. Pressing the +/INC
switch will advance to the next logged data point. This will
continue until there are no more data points at which ti.e the
580B will display:

NO DATA STORED

The MODE/STORE switch may be pressed to return to the Run mode.

2 . 7 . 3 RESET LOGGED DATA

The loqqed data can be erased so that more data points may
be logged. The screen will display:

RESET LOG DATA?
"+" = YES

Pressing the +/INC switch will erase all of the logged data
points. The 5808 will then advance to the next section.

COMMUNICATIONS PARAMETERS2.7.4

The 580B can be confiqured to communicate with a printer or
a computer. The baud rate may also be set for 9600, 4800, 2400,
1200, 900, 600, 300, or 150 baud. The 580B will display the
current communication format (computer or printer) on the top
line and the current baud rate on the bottom line. Pressing the
RESET switch will cause the 5808 to display:

COMPUTER FORMAT
+ = USE - = NO



Pressing the +/INC switch will select the computer format
and the 580B will advance to the baud rate screen (see below).
Pressing the -/CRSR switch will cause the 580B to display:

PRINTER FORMAT
+ = USE - = NO

Pressing the +/INC switch will select the printer format and
the 580B will advance to the baud rate screen (see below).
Pressing the -/CRSR switch will cause the 580B to display the
previous screen.

The baud rate screen will display the currently selected
baud rate on the top line. The bottom line will display:

+ = USE - = NO

Pressing the +/INC switch will cause the displayed baud rate
to be selected and the 580B to show the selected format on the
top line and the baud rate on the bottom line. Pressing the
-/CRSR switch instead will cause the next lowest baud rate to be
displayed.

BATTERY I CHARGER2.8

The model 5808 uses a 1.2 amp hour lead acid (gel cell)
battery. There is protection circuitry potted directly on top of
the battery. The battery is rechargeable with the charger pro-
vided with the instrument. The charger is regulated so that
there is no danger of "over charging" the battery. It is sug-
gested that the 5808 be charged over the weekend (as well as each
evening) during periods of heavy usage in order to ensure maximum
battery charge.
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SECTION III

ROUTINE MAINTENANCE

The routine maintenance of the 580B involves the calibration
of the instrument, the cleaning of the lamp window, and the
maintaining of charge on the battery. The following pages give
instructions for routine maintenance. Figure 3.1 illustrates the
detector assembly.

LAMP INSERTION AND REMOVAL3.1

3.1..1. REMOVAL

The 580B must be off while removing the lamp.NOTE:

In order to remove the lamp the four screws which hold the
case top and bottom together must first be loosened. The case
bottom should be placed flat on the table and the top placed on its
side next to the bottom.

The high voltage power supply is removed next by loosening the
thumb screws on each side and then pulling the power supply towards
the rear of the instrument (see figure 3.1). The lamp may now be
removed by loosening the lamp nut.

3..1.2 INSERTION

Insertion of the lamp is accomplished by performing the above
tasks in the reverse order. The lamp should be placed flat against
the o-ring and the lamp nut fastened down in order to create a
proper seal. The high voltage power supply should then be inserted
and the thumb screws fastened down. There are three pins
protruding from the high voltage power supply which should fit
snugly into connectors located beneath the detector. The lamp
spring (mounted in the center of the high voltage power supply)
should make contact with the lamp ring.

LAMP CLEANING3.1..3

On occasion the lamp should be removed for cleaning.
Cleaning of the lamp is accomplished by cleaning the lamp
surface of the UV lamp. The procedures for cleaning the
different lamps are as follows:

3.1.3.1 LAMP CLEANING METHOD FOR 10.6 eV OR LESS

This is accomplished by using the Aluminum Oxide scouring
powder provided with the 580. First place a small amount
of Aluminum Oxide scouring powder on the lens of the UV
lamp. Next gently scour the lens surface with a soft
tissue or cloth. Scour the lens in a rotary type motion.

3-1



After scouring the lens surface, gently blow the
remaining powder from the lens. Follow this with an
alcohol or acetone rinse, and then wipe dry with a soft
tissue. The lamp is now able to be inserted into the
detector.

3.1..3.2 LAMP CLEANING METHOD FOR ~~.7 eV OR MORE

This is accomplished by gently polishing the surface of
the window with anhydrous alcohol on a cotton swab,
followed by an anhydrous methanol or ethanol rinse, and
then wiping dry with a soft tissue. Do not allow the
alcohol to remain on the surface as it will leave a film.
stubborn films may require multiple cleanings for
complete removal. The lamp is now able to be inserted
into the detector.
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3.2 CALIBRATION

NOTB: Chapter four should be read before calibrating the 580B in
order to gain a better understanding of the concepts behind
calibration of the 580B.

The following is a brief discussion of calibration as it
relates to different lamps. One of the parameters in the Parame-
ters mode (see Section 2.4) allows selection of lamp setting. The
two types of lamps are the 10.0 eVand the 11.8 eV lamp. Whenever
a new lamp is used the 580B must be calibrated. This is true even
if the new lamp is the same type, e.q., the new and old lamp are
both 10.0 eVe This is due to the fact that each lamp will have a
slightly different sensitivity.

It is important to note that the 11.8 eV lamp will in qeneral
be less sensitive than the 10.0 eV lamp. This is true despite the
hiqher energy level of the 11.8 eV lamp. The 11.8 eV lamp will
however "see" certain gases which the 10.0 eV lamp will not. See
Table E.1 for a list of common organic vapors and their associated
ionization potentials. Any questions reqarding the use of the 580B
should be directed to Environmental Instruments Company Application
Laboratory.

The 580B is quite simple to calibrate. A source of "zero air"
and "span gas" are all that is needed to calibrate the 580B.

The zero air is introduced to the 580B in order to determine
the "background" signal. The concentration of the span qas is then
selected. The span gas is finally introduced to the 580B. The
instrument makes all of the necessary calculations (including
linearization) to arrive at a "calibration constant.., When in the
Run mode the signal is multiplied by the calibration constant in
order to arrive at the current PPM.

SPAN PPM

CALIBRATION CONSTANT =
SPAN SIGNAL - ZERO SIGNAL

PPM (SPAN SIGNAL ZERO SIGNAL) CALIBRATION CONSTANT=

NOTB: The PPM is then multiplied by the RESPONSE FACTOR before
being displayed. Chapter four explains the use of response factors
when calibrating.

Section 2.4.8 gives a detailed explanation of which buttons to
press in order to calibrate the 580B. The flow chart at the back
of this manual may also be helpful.

CHARGE

When there is a flashing "B" in the lower left corner of the
display (while in the run mode) the battery is low. The battery is
recharged by plugging the charger into the RUN/CHARGE plug at the
rear of the 580B. The instrument runs while it is charging.
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SECTION IV

CALIBRATION

GENERAL

The Model 580B Organic Vapor Meter is indeed a quantitative
instrument and can certainly be used as such. It makes use of
the Photoionization Detection System using a lamp with an ioniza-
tion energy of 10.0 eV which is standard in the Model 580B.
Almost all organic materials will be ionized at this energy
level. There are some organic materials, such as a few of the
freons, methane, ethane and propane that are not ionized and thus
will not be detected. The ionization potentials for the various
organic materials will simply tell whether the material will be
detected by the Photoionization Detector. It does not give any
clue as to the sensitivity of the detector for that particular
material. certainly, different organic vapors will have differ-
ent sensitivities. It is.important to understand that the Model
580B does indeed sense most organic vapors and that its response
to these different organic vapors will be different.

In this section of the manual, the aspects of calibrating
the Model 580B for various vapors will be discussed. In the
following section discussing applications, various ways of using
the features of the Model 580B will be explained along with the
various methods for calibration of the 580B. There will also be
applications of the Mode"l 580B in specific instances where the
organic vapors or the mixtures of organic vapors are completely
unknown. The 580B can be an extremely useful tool, even in areas
such as those.

FACTORY CALIBRATION TEST OF THE MODEL 580B

The Model 580B has been tested for calibration and linearity
tested at the factory. The particular gas chosen for this cali-
bration is isobutylene. The Model 580B has good response for
isobutylene. Isobutylene standards prepared in air are relative-
ly stable with time, undergoing no serious adsorption or reaction
problems. The test information is included in the instrument
packet. In addition to the above test a benzene standard is also
run. It is important to note that the instrument was not cali-
brated. It was tested for calibration. Therefore, it should be
calibrated by the operator before use.

4.3 METHODS OF GENERATING CONCENTRATIONS OF VARIOUS
MATERIALS IN AIR

This section is not intended to be all inclusive as far as
the preparation of gas and vapor standards in air are concerned.
Only those methods that have been found most practical for the
calibration of the 580B are discussed here. There are basically
two types of standards, cylinder and bag.
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4.3.1 CYLINDER STANDARDS

Certainly commercially available standard cylinders of
gaseous materials in air offer the most convenient method of
calibration. However, these are static standards. Standards
prepared in this fashion in air for vapors of various organic
liquids often show concentration reduction with time due to
adsorption problems. In general, gases when mixed with air will
maintain their concentrations with time since adsorption is
generally not a problem.

However, some gases are sufficiently reactive that chemical
reaction of the gas will cause a reduction of it in air. These
precautions must be observed when using commercially prepared
standards for calibration of the Model 580B. It is for this
reason that isobutylene in air was chosen as a reference standard
for factory calibration. TEl offers a cylinder standard which
includes both zero and isobutylene standards. A constant flow
pressure regulator sets the flow needed for calibration of the
580B. Figure 4.1 illustrates the physical calibration procedure.
The inlet to the 580B is connected to the "T" as shown. It is
important that this connection is tangent to the gas flow. The
"T" is connected to the regulator on the standard cylinder. It
is important that a length of tubing is attached to the "T"
location. This prevents diffusion of ambient air into sample
line. The regulator and tubing assembly will have to be moved
between both the zero air and standard cylinder.

4.3.2 BAG STANDARDS (ISOBUTYLENE)

8ag standards can be prepared in a laboratory and in general
are reasonable ways of calibrating the Model 5808. However, it
is important that these standards be used shortly after their
preparation to reduce the significance of any adsorption prob-
lems. static standards prepared for calibration of the Model
5808 are best prepared in collapsible plastic bags. This is
opposed to a fixed volume container. The sampling rate of the
5808, which is 500 ml/min, requires an appreciable amount of
sample. Even one minute's sampling out of a fixed container will
remove 500 ml/min from it. This should not significantly reduce
the pressure inside the container. Thus, the collapsible bag
provides the best means as opposed to a fixed volume. A 5 gallon
polyethylene bag is a convenient size to use for the preparation
of static standard.

A tube is inserted into the opened end of the bag and the
bag opening then sealed around the tube. The tube should have a
cutoff valve or some means of closing the volume of the bag. The
volume of air introduced into the bag must be measured. This is
most conveniently measured by a wet test meter. However, a
source of air flowing through a flow meter can be used if the
flow can be held constant, then time is a measure of the volume
of the air placed into the bag. All air is expelled from the bag
by completely collapsing it prior to connection to the source of
air.
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It can then be connected to a wet test meter or flow meter
via a short length of rubber tubing hooked to the plastic tube of
the bag. The air flow is started into the bag at a rate of
approximately 5L/min. A total of 10 liters is a convenient
volume for a 5 gallon bag. This would mean approximately 2
minutes for filling the bag. Figure 4.2 illustrates the physical
configuration needed to develop bag standards.

For gaseous samples, the trace organic will be added via a
glass hypodermic syringe. The 1 cc Tuberculin syringe is a
convenient size. For an isobutylene standard, the 1 cc syringe
is flushed with pure isobutylene and then filled to the 1cc mark.
While the air is flowing into the plastic bag, the short piece of
rubber tubing is pierced by the needle from the 1 cc syringe and
the plunger slowly depressed such that the 1 cc of isobutylene is
added to the air flowing into the plastic bag. When 10 liters of
air have been added to the plastic bag, the flow is immediately
stopped and the valve on the tube or the closing clamp is applied
to contain the air and isobutylene within the plastic bag. It is
best at this stage of the procedure not to rely solely on the
diffusion of isobutylene to form a uniform mixture inside the
plastic bag. Slight kneading of the plastic bag will hasten the
mixing of the isobutylene in air. The plastic tube from the bag
is then connected to the probe on the Model 580B via a short
length of rubber tubing and the valve on the plastic tube immedi-
atelyopened. The Model 580B withdraws a sample from the bag at
the sampling rate of 500 ml/min. Thus, 10 liters of sample in
the bag will provide approximately 20 minutes. Certainly the
calibration of the 580B can be accomplished in a shorter period
of time. The concentration of isobutylene in ppm by volume will
be equal to the sample size, which was 1 cc, divided by the
volume of the bag in liters, which would be 10 liters, times
1000. In this particular instance, the concentration would be:

1cc Isobutylene x 1000 = 100 ppmConc (ppm by Vol) =
10 LAir

BAG STANDARDS (ORGANICS)4.3.3
On occasion there is the need to prepare standards other

than the normal calibration standard. As mentioned previously,
isobutylene was chosen as a standard because of its stability.
If other standards are to be used, it is best to develop a rela-
tion of the other standard to a standard of known stability like
isobutylene. If this procedure is followed, a response factor
can be developed by comparing the other organic standard to
isobutylene this technique will be discussed in a later section.
The following is a suggested technique for preparing other stand-
ards.

For organic materials, which are normally liquids at room
temperature, the procedure is essentially the same except that an
extremely small liquid sample is injected into the flowing air
stream rather than the gas sample. This technique works well
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only for relatively volatile orqanic materials. The flowinq air
stream must vaporize all of the material or the calculation will
be off. If the material is not rapidly volatile in that flowinq
air stream, the liquid should be injected throuqh the surface of
the plastic bag. Immediately after withdrawinq the needle, the
hole in the plastic baq should be covered with a piece of plastic
tape.

Again, significant kneading of the bag will hasten the
evaporation of the sample and mixing of the vapor into the air to
provide ho.ogeneous samples. The introduction of this sample
into the 580B is the same as before. The calculation of the
concentration of the vapor in air is a two-step procedure whereby
the small volume of liquid injected into the air stream and into
the plastic bag is converted to a volume of vapor. This volume
of vapor is then used in the same manner as the volu.e of gas in
the case of isobutylene. The following equations apply:

Liquid Volume (ul) x Liquid Density x 24.45
Vol ume Vapor (uL ) =

Molecular Weight

The above equation gives the vapor volume at atmospheric pressure
(760 torr) and 250 C (77F).

Vapor Volume CuI x 1000Then:
Concentration (ppm by Volume) -

Air Volume (liters)

The following is a sample calculation for benzene:

Liquid VolUJDe = 2 ul

Benzene Density = 0.879 g/cc

Molecular Weight Benzene - 78.1

10 LitersAir Vol UJDe =

2 x 0.879 x 24.45 ~ 0.55 u1 Benzene va~r
Vapor Volume =

78.1

0.55 x 1000
Conc a = 55 ppm (vol

10

The syringe used for the measurement of liquids in this particu-
lar instance is a small volume-type such as those manufactured by
the Hamilton Company. A convenient size syringe is the 10 micro-
liter volume.
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580B CALIBRATION4.4
The following procedure is applicable for both cylinder and

Bag Standards. The sequence requires both Zero gas and Span gas
to be used. Span gas can be either contained as a cylinder or
bag, in either case the exact concentration used must be known.
This concentration will be entered to the 580 when the program
provides its entry. With respect to Zero gas, there are several
choices. Obviously a certified zero air standard in a cylinder
presents no problem. Another choice would be to build a zero air
standard in a bag. This can be simply accomplished with the
set-up in Figures 4.1 and 4.2 using a charcoal scrubber to remove
all the hydrocarbons present in the air. Charcoal does not
absorb Methane; this does not cause a problem because the PID
does not respond to it. Another approach which could be used in
an emergency is to use room air unscrubbed.

This is acceptable if you know that there are no hydrocar-
bons present or they are exceptionally low in concentration.
However, it is not recommended as a standard practice. The
physical set up for cylinder calibration is illustrated in Figure
4.1; bag calibration in Figure 4.2.

4.4.1 CALIBRATION ROUTINE

(A) Set-up calibration assembly with zero air cylinder or bag as
described in Figures 4.1 and 4.2.

(B) Model 580B set-up and zero calibration.

1.
2.

3.
4.
5.

6.

7.

8.

9.

1.0.

11.

12.
13.

Power-up instrument using power plug.
Depress ON/OFF Key to ignite lamp and initiate
sample pump.
Depress MODE/STORE Key.
Depress- /CRSR Key in response to LOG THIS VALUE? Prompt.
Depress-/CRSR Key to select Parameters Mode from the
Main Menu.
Depress +/INC Key to advance thru the Run Mode selection
parameter prompt.
Depress +/INC Key to advance thru the Auto Logging Mode
selection parameter prompt.
Depress +/INC Key to advance thru the Average Time
selection parameter prompt.
Depress +/INC Key to advance thru the Alarm setting
parameter prompt.
Depress +/INC Key to advance thru Lamp Selection
parameter prompt.
Depress + /INC Key to advance thru Response Factor
Setting parameter prompt.
Depress RESET Key to initiate calibration sequence.
Depress-/CRSR Key to decline restoration of the backup
calibration.
Connect outlet of calibration tubing assembly to the
Model 5808 Detector Inlet as illustrated in Figure 4.2.
Introduce Zero Air to Mode1 5808 by opening flow
regulator.

14.

15.
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16.
17.

Depress RESET Key to "Zero" Model 5808.
Close Flow Requlator.

C) Span Calibration - assuming that the Span gas has a concen-
tration of 250 ppm isobutylene the following procedure is
followed:

18.

19.
20.

21.
22.
23.
24.
25.
26.

27.
28.

Simultaneously Depress RESET and -/CRSR Keys to
activate the movable cursor.
Repeat Step 18 until the cursor is at the ones place.
Simultaneously Depress RESET and +/INC Keys to
increment the ones place value.
Repeat step 20 until the ones place value reads o.
Repeat step 18 to move cursor to the tens place.
Repeat Step 20 until the tens place value reads 5.
Repeat Step 18 to move the cursor to the hundreds place.
Repeat Step 20 until the hundreds place value reads 2.
Repeat Step 18 to move the cursor to the thousands
place.
Repeat Step 20 until the thousands place value reads o.
The LCD should now read:

SPAN PPM = 0250
"+" TO CONTINUE

29.
30.

31.

3,2.

33.
34.
35.

36.

Depress +/INC to accept the span conc. value.
Connect isobutylene cylinder (250 ppm) to calibration
tubing assembly.
Connect outlet of calibration tubing assembly to the
Model 580B Detector Inlet.
Introduce isobutylene standard to Model 5808 by opening
flow regulator.
Reset key to "CALIBRATE" Model 580B.
Close Flow Regulator.
Depress + /INC. Key in response to "RESET" TO CALIBRATE
message.
Depress MODE/STORE to return to the Run Mode.

The instrument has been calibrated and is ready to make measure-
ments.

4.5 DETERMINATION OF RESPONSE FACTORS

As mentioned above, the Model 580 can be calibrated with
isobutylene but be set to read correctly, the concentration of
another substance. This is done by usinq the Response Factor
that is set in the parameter routine. The default for the re-
sponse factor is 1.0. The Response Factor is the number that is
multiplied by the measured concentration to obtain the correct
concentration of the measured component. If the chemical to be
measured is less sensitive on a PID than the standard, (usually
isobutylene) then the Response Factor is greater than 1.0. If it
is more sensitive than the standard then the Response Factor is
less than 1.0.

The reason for a Response Factor is practicality. If it is
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know that the sample to be measured contains only benzene and
therefore the user would like to read benzene concentration
directly, there are two approaches. The user could make a bag
standard daily of benzene vapor in air and calibrate the 580
directly. Or the Response Factor could be used. In the latter
case a bag with benzene is made only once for comparison to a
cylinder of a stable standard (such as isobutylene). Then daily,
the Model 580 is calibrated with the cylinder standard, a simple
operation compared to the work of preparing a bag standard.

As an example, if the bag containing 55 ppm benzene in air
as prepared above were measured in a 580 calibrated against
isobutylene, the concentration might have been read as 91 ppm.
thus the 580 is more sensitive for benzene than for isobutylene.

The Response Factor can now be calculated as:

Factor STD Concentration
Response Factor (RF) -

580 Readinq of Factor STD

RF = 55/91 - 0.604

When 0.60 is entered into the 580 as the Response Factor,
the 580 will read 55 ppm for the bag.

Now the 580 need only be calibrated using an isobutylene
standard and a Response Factor of 0.60 to correctly respond to
benzene.
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SECTION V

APPLICATIONS

5.1 GENERAL

This section discusses six applications which were done
on the old model 580. These applications are discussed as they
relate to the model 580B. The following applications of the
Model 580B are given to show some different uses and means of
calibration of the Model 580B in various practical applications.
It is certainly not intended to be an exhaustive list of the uses
of the Model 580B. In each situation, the stress is placed on
the means of calibration and the interpretation of the readout of
the Model 580B. Since the Photoionization Detector responds to
virtually all organic materials and since its response varies for
the different organic materials, questions can certainly arise as
to just how the numbers presented on the digital display relate
to anything meaningful. These applications will hopefully illus-
trate several ways in which these numbers can be quanti tati ve and
also illustrate uses of the 580B where accurate quantitation may
be impossible.

5.2 VINYL CHLORIDE MONOMER IN REACTION VESSELS.

This particular application involved measuring the vinyl
chloride content in vinyl chloride polymerization vessels follow-
ing the polymerization reaction and the removal of the polymer
slurry. Any residual vinyl chloride left in the reaction vessel
has to be flushed and scrubbed prior to the opening of the ves-
sel. The vinyl chloride content must be below a certain pre-
scribed level prior to this opening. The reaction vessel is
flushed with nitrogen to remove the vinyl chloride from the
vessel and purge it through the filter media which remove the
vinyl chloride fro. the nitrogen stream for recovery. During
this particular operation, it is known that vinyl chloride mono-
mer comprises significantly more than 90% of the entire organic
material. In this instance, if the Model 580B is calibrated for
vinyl chloride measurement, indeed the readout will be virtually
the true vinyl chloride concentration inside the reactor vessel.
The nitrogen exit stream prior to the vinyl chloride recovery was
the point used for the analysis.

Since the plant was a considerable distance from the labora-
tory and since the study would require a significant period of
time encompassing several weeks, it was decided to calibrate the
Model 580B with the isobutylen& reference standard and determine
a response factor setting for a vinyl chloride standard in the
laboratory.

with the response factor set at 1.0, the instrument was
calibrated with isobutylene. The Model 580B was then pre-
sented with a known concentration of vinyl chloride monomer
in nitrogen. The response factor for the vinyl chloride was
then set in order for the Model 580B to read the correct
concentration of vinyl chloride in the nitrogen. Static
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standards of vinyl chloride are very definitely not stable
with ti.e due to the reaction of the vinyl chloride with
itself. Thus, standards need to be prepared fresh each ti.e
vinyl chloride is to be used to calibrate an instrument.
Since bag preparation, which was the technique used for this
laboratory calibration of the 580B, would have been inprac
tical at the plant; the use of a stable reference standard of
isobutylene was chosen. Thus, at the plant site, the Model
580B could be calibrated using the isobutylene standard fro.
a cylinder. This of course, greatly si.plified the plant use of
the Model 580B. This relationship to a reference standard re-
duces the time and equipment required at the plant such that the
survey of all of the reactor vessels was co.pleted in a short
period of time with the iteas established for the nitrogen flush
of the reactor vessels prior to opening the reactor vessels.

It is important to note that when the response factor set-
ting was determined in the laboratory, nitrogen was used as the
.atrix for the bag preparation of the vinyl chloride standard.
If air were used a different setting (higher) would be obtained.
Since the saaple was in a nitrogen matrix so should be the stand-
ard. Note also it is not necessary to have the isobutylene
standard in nitrogen. In addition to correcting for differences
in response between isobutylene and vinyl chloride, the response
factor setting can also adjust for the different readings in
nitrogen and air.

5.3 MONITORING ISOLATED PLANT AREAS FOR TOLUENE AND METHYL
ISOBUTYL KETONE.

Two areas of an extensive plant operation were required to
be monitored for the levels of m~thyl isobutyl ketone and tol-
uene. Both of these areas were relatively isolated. In one
area, methyl isobutyl ketone was the only solvent to which the
atmosphere was exposed other than the potential leaks that might
occur in process equipment in that same area. There were no
other known solvents in use in that area and the ventilating
system in effect isolated this area from other areas in the
plant. In the second area, toluene had just very recently been
substituted as a solvent in place of benzene due to the lower TLV
for benzene. Average workplace levels were therefore needed for
the toluene concentration in this work area. Again, toluene was
the only solvent in this area and there was no other process
equipment in the immediate area for even possible leak problems.

Notice that in both of these areas in the plant, it is
certainly known from the processes occurring in that area and its
relative isolation from the other areas in the plant, exactly
which organic vapors will be by far the predominant vapors in the
workplace air. In many instances, by si.ply knowing the process-
es involved and the chemicals in use in those processes, the
quali tati ve aspects of the environment can indeed be established
without the use of instrumentation. This is one of the most
overlooked aspects in establishing what organic vapors are
present in the environment. It simply involves determining what
are the possible organic vapors that can be present. In general,
this narrows it to several and in many cases, a single organic
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vapor.
In these cases, the Model 580B can be calibrated specifical-

ly for these materials and will provide quantitative data on the
levels of these materials in the workplace environment. In this
particular instance, even though the laboratory to be used for
the calibration of the Model 580B was at the plant site, it was
desired to use a single 580B to monitor both work areas sequen-
tially and several times throughout the course of a single day.
This was to be done over a period of time to establish the varia-
tions of both methyl isobutyl ketone and the toluene in these
work areas. In this particular instance, changing the response
factor setting can avoid considerable calibration changes, as one
moves from determining concentrations of methyl isobutyl ketone
to the area where one is measuring the concentrations of the
toluene vapor.

For calibration, the Model 580B response factor was set at
1.0 and the instrument spanned properly using a known reference
standard of isobutylene. The Model 580B was then presented with
a flowing air stream containing toluene vapor as generated in the
Thermo Electron Model 360 using a toluene diffusion tube. The
response factor was then adjusted so that the readout of the
Model 580B corresponded to the toluene concentration in this
standard.

The Model 580B was then presented with a flowing air stream
containing methyl isobutyl ketone. This also was generated via a
diffusion tube in the Model 360 Standards Generator. Once again,
the response factor was adjusted so that the digital display gave
the correct reading for the concentration for the methyl isobutyl
ketone presented to the instrument.

with the instrument then calibrated with the reference
isobutylene standard and knowing the proper settings of the
response factors for methyl isobutyl ketone and toluene, the
Model 580B was then ready for its plant survey. The area con-
taining the toluene was monitored for a period of time with the
toluene levels as noted by the 580B being recorded.

The response factor was set for this toluene reading. The
instrument was then moved directly to the methyl isobutyl ketone
area and the response factor adjusted to read methyl. isobutyl
ketone. The 580B was then able to read directly the methyl
isobutyl ketone concentration in the second area. There was the
possibility of leaks in process equipment in this particular
area. The area in general was surveyed. If significant changes
in the reading of the 5808 were observed, the 580B was used as a
leak sourcing instrument as described in a later section. In
this fashion, it could be determined if some of the varying
concentrations in this area were indeed coming from a leak in the
process equipment. During the survey of this particular area, no
leaks from process equipment were observed, therefore, the read-
ings obtained on the 5808 could indeed be considered the methyl
isobutyl ketone concentration in this particular area.

Throughout the survey of these two workplaces, the 580B
could move back and forth rapidly due to its portability and
could be, in effect, recalibrated for each of the two different
vapors by the mere setting of the response factor.
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5.4 PETROLEUM ETHER VAPORS IN WORKSPACE AIR.

A given workplace was using petroleum ether as a paint
solvent and for cleaning purposes. It was desired to quantitate
the amount of petroleum ether in the air being recirculated in
this particular area. Petroleum ether is a distillation fraction
from crude oil. Its boiling point is slightly lower than the
boiling point of gasoline. This means that petroleum ether is
not a single chemical entity, but a multitude of hydrocarbons in
a certain boiling range fraction. Reasonable quantitative data
can be obtained here without knowing the exact chemical composi-
tion of each hydrocarbon that composes petroleum ether. For
this purpose, the Model 580B can be used to measure these vapors.
The 580B is initially calibrated with the response factor set at
1.0 using a reference standard of isobutylene.

The 580B is calibrated on isobutylene. Then a bag sample is
prepared, as detailed above, for the quantitation of the instru-
ment to measure the petroleum ether. In this particular in-
stance, the petroleum ether is injected into the bag in the same
fashion that liquid samples are injected. The calculation,
however, has to change slightly because the ppm on a volume basis
cannot be calculated without knowing the exact chemical composi-
tion of the petroleum ether. However, in a situation such as
this, one can still quantitate it on a weight basis of the sol-
vent in air. The equations below show this calculation.

Weiqht Vapor (8q)=Liquid Volume (uL) x Density q/ml

Weight Vapor (8g x 1000
Conc (mgjm3) =

Air Volume liters)

For Petroleum Ether In This Example:

Liquid VolWRe = 3 uL

Petroleum Ether Density = 0.66

Air Volume = 10 liters

Vapor Weight = 3 uL x 0.66 g/mL = 1.98 mg

1.98 x 1000
Conc = = 198 mq/m3

10

This sample in the bag is then presented to the Model 5808
and the response factor adjusted so that the digital readout on
the front panel provides the proper reading in mq/m3. The set-
ting of the response factor that is needed for this reading is
noted. The Model 5808 can now be used to monitor reasonably
quanti tati vely the petroleum ether in the workplace environment.
Any further calibration of the instrument can be done using the
reference standard of isobutylene. This is a reasonably accurate
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way of giving quantitative information on the amount of solvent
in air even though the results are not reported in ppm on a
volume basis.

This technique can be used in general when the solvents are
a mixture of materials which in general will probably be petrole-
um distillation fractions. It would certainly also be used in
the case of gasoline vapors in air. Notice from the equations
used versus the equations for determining the ppm concentration
in bag samples for pure liquids, the only real thing missing is
the molecular weight of the material. It may be possible to
assume an average molecular weight of the solvent mixture and
actually report a ppm by volume basis.

5.5 LEAK SOURCING

In this particular instance, the Model 580B is to be used
for determining the presence, or absence of leaks in a chemical
process plant. The MOdel 580B is uniquely adapted to this par-
ticular operation due to its light weight. In this particular
instance, it is not necessary to accurately attempt to quantitate
the readings from the Model 580B. It will be used simply to
determine presence of leaks and to locate these leaks.

The Model 580B is simply calibrated against a reference
standard of isobutylene as normal. No further calibration is
used. It is not necessary to know the particular chemicals flow-
ing in the different pipes or what they are in the various reac-
tion chambers. It is only necessary to know that these materials
will have some response on the Photoionization Detector. That
is, that their ionization potentials are below the energy of the
lamp. The standard probe of the Model 580B, with the 580B fully
operational, is then simply moved along the various pipes and
reactor vessels in the chemical process.

All seals are traced clear around the seal with the end of
the probe. As one approaches a leak, the concentration of the
organic materials in the air being sampled by the Model 580B will
increase significantly. The point of maximum reading will indi-
cate the point of the leaks. As one moves further away from the
leak, the concentration of the organics in air will certainly
decrease. In this very rapid fashion, the presence of leaks can
be detected and their source fairly accurately pinpointed so that
the leak can be repaired.

In many instances, it is not necessarily the workplace
hazards of these leaks that is important, but the economics of
the chemical process itself. In this instance, as in many in-
stances, the exact composition of the organic materials being
measured is really unimportant to the successful use of the 580B
in a specific application. Also the exact numbers that are
displayed on the digital readout of the 580B are unimportant. It
is only relative magnitudes that are important in this instance.

5.6 AFTERBURNER EFFICIENCY

In a particular coating process, the material, after it has
been coated, is passed into a dryer where the solvents of the
coating are removed. These solvents are then vented into a
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stack. To reduce the hydrocarbon emission from this plant, an
afterburner had been installed to combust the organic solvents
from the coating prior to release to the atmosphere. It is
important to determine the efficiency of this afterburner and to
follow the efficiency of the afterburner to avoid dumping excess
solvent into the atmosphere and, thus, become subject to pollu-
tion fines.

The Model 580B is ideally suited to this type of operation.
Again, it will be unnecessary to know the exact chemical composi-
tion of the coating solvent. The Model 580B is simply standard-
ized against the reference standard isobutylene in the usual
fashion.

The Model 580B is then connected to sample the stack gas in
the dryer prior to the afterburner, noting the steady state
number displayed on the digital panel meter. The 580B is then
connected to the exhaust gases from the stack following the
afterburner.

Again, the steady state number, as displayed on the Model
580B, is noted.

The reading prior to. the burner minus the reading after the
burner divided by the reading prior to the burner times 100 gives
efficiency of the afterburner in the stack. This number is quite
accurate, even though the Model 580B was not calibrated specifi-
cally for the solvents or solvent mixture used in this particular
coating operation. The individual readings before and after the
afterburner .ay not have the exact quantitative relationship to
the actual amount of material, but their ratio will be accurate
since basically the same chemical or mixture of chemicals is
being measured before and after the afterburner.

5.7 SAMPLE COLLECTION OF UNKNOWN ENVIRONMENTS

The Model 580B can also be used in areas where organics are
known to be present, but perhaps the exact composition of the
environment is not known. This may be due to several solvents
being in the same general workplace or various separate processes
occurring in that same workplace, all of which could and possibly
are admitting organic vapors. In plant areas such as these, the
Model 580B can still be extremely useful.

The 580B is calibrated against a reference standard of
isobuty1ene, as .entioned above. The 580B is then used as a
survey tool throughout the entire plant area. The readings are
logged, especially changes in these readings. The exact numbers
displayed will not, in general, be a quantitative measure of the
ppm of the organic vapor since it is impossible to know what
organic chemical or mixture of chemicals should be used for the
calibration. When high readings are obtained on the Model 580B,
an evacuated sample bag can be connected to the rear of the 580B
at the sample exhaust port. This bag could be virtually identi-
cal to the type of bag used for standards preparation. The Model
580B is sampling the atmosphere at the rate of 500 m1/min. The
detection system of Photoionization is a nondestructive system
such that the sample that is exiting the Model 580B is indeed the
same material that is giving the readings on the 580B. When the
580B is seeing high readings, this is the time the bag is con-
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nected to the rear for sample collection. The bag, if the same
type is used for sample preparation, can hold approximately 10
liters of air sample; which would permit a sampling time of 20
minutes.

This bag sample can then be closed on removal from the 580B
and transported to a laboratory for subsequent analysis to
identify the individual chemical compounds present in the sample
causing the high readings and to ascertain if the workplace
environment is harmful at those high readings.

The use of the Model 580B coupled with the bag collection
ensures that the sample that is returned to the laboratory for
analysis is a sample containing the desired organic vapors. This
is assured because the bag collection is used only when the Model
580B is detecting high levels of organic vapor in the environ-
ment. This is an instance of the use of the Model 580B when the
type of organic vapors are not known and it is desired to know
them. The 580B has a very useful function even in these areas.
It should be noted that a charcoal tube could be connected to the
rear of the 580B as well as an evacuated plastic bag. The char-
coal tube will pass the bulk of the sample, which is air, and
adsorb the organic vapors. This charcoal tube can be returned to
the lab for subsequent analysis for both a qualitative identifi-
cation of the materials present as well as a quantitative measure
of their levels.
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SECTION VI

COLLECTION TECHNIQUES

6.1 GENERAL

As mentioned in the Application Section, it is possible to
use the 580B in completely unknown areas as far as the organic
vapors present are concerned and still obtain meaningful data.
One of the techniques described here is the use of the 580B as a
means of collecting the representative samples for further iden-
tification in the laboratory regarding the specific organics that
may be present in addition to their concentrations.

Two techniques were mentioned in the section under the
heading "Sample Collection of Unknown Environments". One of
these techniques involves the use of a bag for collection and the
other involves the use of charcoal tubes as a means of trapping
organic vapors. In this section, each of these techniques will
be explored in further depth as to the proper way of using the
580B to collect the samples for subsequent analysis. These
collection techniques are quite useful when one is using the
Model 580B simply as a survey instrument. When readings on the
580B become quite high in certain areas, it is impossible to
determine the exact source of the high readings to perhaps pin-
point the specific organic chemical giving rise to the reading.
One may very well want to identify what the chemical or chemical
mixture is that is providing the high reading. This will have to
be. done with instrumentation significantly more sophisticated
than the Model 580B; namely, an instrument that can provide
specificity as well as qualitative identification. A Gas Chro-
matograph is such an instrument.

If it is desired to collect some of the air to send to a
laboratory for further analysis, one needs to be sure that the
proper samples are taken at the proper time. This means simply
that one needs to be assured that the sample sent to the labora-
tory is indeed a sample that has a high concentration of organic
vapor present in the sample. The 580B is used to indicate the
presence of the high level organic vapors. The sample then is
gathered at the exit port of the 580B when the 580B is reading
high values. This assures that the sample sent to the laboratory
does indeed have the high level vapors present in it. This
generally simplifies the sampling technique of the environment
and reduces the number of samples and, therefore, the expense
needed to accurately identify the organics present and to quanti-
tate them in a laboratory.

Two design features of the Model 580B make this type of
operation possible. The first is that the detection system
used in the Model 580B is the Photoionization Detector which is
basically a nondestructive detector. Thus, the instrument is
able to sense the organic vapor using the detector and virtually
the same concentration of the same materials exits the detector
as entered it. This does make it possible for the collection of
the exact sample contributing to the high readings.
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The second feature of the 580B that allows this sample
collection is that a positive displacement pumping system is used
to draw the sample into the Model 580B. It is a very simple
procedure then connect to the exit of this positive displacement
pu.p and trap the sample exiting the 580B after it has passed
through the detector.

6.2 BAG SAMPLE COLLECTION.

One of the most convenient ways to sample the environmental
air is to simply trap the entire air sample in a collection bag.
As discussed before, the bags used for the calibration of the
Model 580B, as discussed under the Calibration section, can
certainly be used for collection of the air samples. There are
several precautions that must be mentioned immediately relative
to the use of bag sa8ple collection. When a bag has been filled
with air that has organic vapor in the air sample, the organic
vapor molecules will absorb onto the inside surface of the bag.
This adsorption will begin i8mediately on introduction of the air
into the bag. It will continue to progress with time until
the vapor molecules that adsorb onto the wall of the bag are in
equilibrium with the vapor molecules in the air. This equilibri-
um depends very strongly on the bag material and the chemical
entity of the vapor itself. The ambient temperature also has
SODe effect.

As mentioned under the Calibration Procedure, when one is
preparing a known vapor concentration in a bag, the bag should be
analyzed very rapidly after its preparation to ensure proper
calibration of the inst~ent. The technique here is to use the
standard prepared in this fashion as soon as possible such that
the adsorption that has occurred is an absolute minimum amount.
This adsorption becomes a bit more serious problem in using bags
for sample collection. The first problem is simply when one is
reusing the bag, one has to be sure that the sample contained in
the bag previously has been completely desorbed from the wall.
This, in general, can be checked by using clean air to f ill a bag
allowing the bag to set for a short period of time, about 1 hour,
and then analyzing the air in the bag. If on using the 580 to
analyze this air, it shows measurable organics, then the air in
the bag should be dumped and new air introduced and allowed to
set for the same period of time. There will be a reduction of
organic vapor on the second go-around.

If it is still too high, this procedure is repeated until
the bag shows virtually no organic vapor. The bag can be evacu-
ated and reused.

The other problem associated with adsorption and sample
collection is that the sample that is collected in the bag must
be analyzed as soon as possible after collection if one is going
to determine quantitatively the amount of organic vapor in that
bag sample. The longer the sample stays in contact with the bag,
the greater the adsorption will be of the organic vapors on the
surface of the bag and, therefore, the lower the concentration of
the organic vapors in the air sample.

If one is interested here in only doing a qualitative analy-
sis of the organic vapors, that is identify what vapors are
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present in the air sample, the bag certainly is a convenient way
of taking the sample. If one in addition to getting the qualita-
tive analysis desires to quantitate one or more of the specific
organic vapors in the sample, the bag sample should be analyzed
within an hour of taking this sample. If the bag sample cannot
be analyzed this soon, it is recommended that one use the char-
coal tube technique explained in the next section.

There are two considerations to be given relative to the
size of the bag and, therefore, the size of the sample taken.
The first consideration is the amount of sample needed by the
laboratory for its analysis. If the analysis is to be done by
gas chromatography directly on the air sample, in general only 1
to 5 mL of sample would be required for the analysis. Therefore,
this does not become a major consideration here. If, however,
other analytical techniques were to be used that would require
significantly higher volumes of sample, this should be taken into
account.

The other consideration is the sampling tiae. The Model
5808 samples at the rate at which the bag attached to the exit
port of the 5808 will be filled. If the bag can conveniently
hold 10 liters of air, this means that the sampling time can be
up to 20 minutes. In general, collection techniques using the
Model 5808 are not intended to supply a four or eight hour inte-
grated sample. They are used simply to help identify the materi-
als contributing to a high concentration and possibly the analy-
sis of individual toxic organic vapors in that particular air
sample. Thus, a 20 minute limitation on sampling time should not
be too severe.

Certainly larger bags could be used on the exit of the 5808,
allowing up to several hours of sampling time should this be
desired. The difficulty then becomes that the bags are quite
large and physically become difficult to manipulate. It was
recomaended back in the Calibration Section that perhaps a 10
liter bag would certainly be the convenient bag for the calibra-
tion of the 5808. It would appear to be also a convenient bag
for collection of the samples. For this purpose, a bag that has
no adsorbed vapors on the interior surface is evacuated and
closed to the atmosphere. Several of these bags could be carried
in a very small container. When the Model 5808 is reading high
values, and it is impossible to determine the source of the high
values, then a bag can be connected to the exit port of the 580S
and immediately opened to accept the sample exiting the 580S.
The bag is kept connected to this exit as long as the 5808 is
giving high readings or until the bag has reached its volume
capacity. At this point, the bag is removed from the exit port
of the 5808, immediately closed, and returned to the laboratory
for analysis.

6.3 COLLECTION USING CHARCOAL TUBES

A technique very common in industrial hygiene-type analysis
is to use a small charcoal tube as a collection device. An air
sample is pulled through the charcoal tube at a known flow rate
for a known period of time. This flow rate and time determine
the total volume of air or total sa.ple size. The organic vapors
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in the air are adsorbed on the charcoal in the tube. These
vapors are then desorbed from the charcoal by adding a known
volume of desorbing solvent, usually carbon disulfide. The
organics end up in the carbon disulfide. The carbon disulfide is
then injected into a gas chromatograph using Flame Ionization
Detection. The individual organic vapors can then be identified
and quantitated.

The usual charcoal tubes that are used for this type of work
contain two sections. One section has approximately 100 milli-
grams of charcoal and a backup section has 50 milligrams. The
backup section is analyzed separately from the main section to
determine if there is organic vapor breakthrough in the main
section. These particular size tubes have a recommended maximum
flow in the neighborhood of 250 to 300 mL/min. The exit of the
Model 580 is at 500 mL/min. The most advantageous way of using a
smaller charcoal tube would be to split the exit stream and pass
it through two parallel charcoal tubes. This would give approxi-
mately 250 mL through each tube. For analysis purposes, the
charcoal of each tube is removed and combined using double the
amount of sol vent that would be required for a single tube.

The amount of total air that can be passed through charcoal
tubes certainly depends on the concentration of organic vapor in
the air. It also depends to some extent on the particular organ-
ic vapor. In general, a total sample through the smaller char-
coal tube of 10 liters is a reasonably safe number to use. Since
the flow is split exiting the 580B using the smaller charcoal
tubes, only 250 ml/min is going through the tube. It would take
40 minutes to accumulate 10 liters passing through each of the
tubes. There are charcoal tubes available in the marketplace
containing 300 milligrams of charcoal in the front section and
150 milligrams of charcoal in the rear section. These tubes have
correspondingly larger diameter and can accommodate higher volu-
metric throughputs. One of these tubes could be hooked to the
exit of the 580B without doing the split. Conceivably since it
contains 3 times the amount of charcoal, a safe operating total
volumetric throughput would be approximately 30 liters. This
would be a full hour's operating time on the Model 580B. Again,
it must be stressed that the 580B when used in the particular
form, is not being used as a personnel sampler to end up with the
tiBe weighted average concentration over an eight hour period.
The intent here is to identify the high level organics observed
on the 580B and to quantitate them following identification to
determine the safe working area.
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SECTION VII
COMMUNICATION

The 580B provides a serial (as opposed to parallel)
communication port. There is also a communication cable provided
for easy link up to a serial printer or RS-232 port of a
computer. Logged data may be "dumped" (sent through the
communication port) to a serial printer. Many of the 580B param-
eters may be set by a remote computer by using the serial port
and the 580B communication software (the software is an option,
part number 580A-9014).

The serial port is not to be used in a hazardous locationNote:

PRINTER

The 580B can be instructed to send all of its logged data
through the serial port to a printer (or a dumb terminal). The
580B printer mode should be selected (see Section 2.7.4).The
serial communication cable should then be plugged into the RS-232
port at the rear of the instrument and the other end of the cable
plugged into the serial port of a printer. The 580B should
finally be instructed to output to the printer (see section

2.7.1).

COMPUTER

The 580B provides capabilities for remote operation.
Appendix A includes a detailed technical explanation of the 580B
printer and computer interface protocol. The information in this
appendix is sufficient for custom software to be developed for
interfacing to the 580B. Thermo Environmental however has
developed communication software which implements all of the
available communication capabilities in a simple "menu driven"
format. Remote communication may also be accomplished by using
generic communication software package such as CrossTalk. Appen-
dix A will be helpful if this route is taken.

NOTE: Generally, the RS-232 port on an IBM PC (or compatible) is
a male connector. Since the communication cable provided with
the 580B is also male, a "gender changer" (a DB-25 connector
which converts from male to female) is needed.

7.3 COMMUNICATION SOFTWARE (OPTIONAL)

There is communication software available which will run on
an IBM PC or compatible. The software provides the capability of
obtaining or changing the 580B parameters (alarm setting,
response factor, or operating mode to name a few). Logged data
may be stored to disk or printed to a parallel printer. Concen-
trations may be read and displayed on the computer screen. There
are a few operations which may not be accomplished remotely (for
obvious reasons). The lamp may not be changed remotely. The
lamp and pump may not be turned on from the computer either.

7-1



NOTE: The communication software will not work unless the 5808 is
attached via the communication cable.

7.3.1 HOW TO GUIDE FOR COMMUNICATION SOFTWARE

11. The 5808 must be turned on and connected to the computer's
RS-232 port. The 5808 must be in the computer mode (this is the
default setting).

12. The floppy disk should. be inserted into the co.puter.
580B (this software was originally developed for the 580B)
then hit return. The introduction screen wi 11 appear.

Type
and

13. The software defaults to 2400 baud (as does the 580B). If
some other baud rate is desired it must match the setting on the
580B.

The main#4. After selection of the baud rate press return.
menu will appear.

HOTE: If the computer's screen goes blank and the main menu does
not appear, then there is a problem with the communication link.
Check to be sure that the communication cable is plugged into the
RS-232 port and that the 580B is on.
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SECTION VIII
FLOW CHART

There are two flow charts which illustrate the structure of
the 580B software. The first is a "Quick start-up" flow chart.
Much of the detail is not included in this flow chart in order to
diagram the basic structure of the software. The second flow
chart includes extensive detail of each screen and the function
of the seven buttons. These flow charts provide an easy method
for determining how to get at each of the many facilities
provided by the 580B.

8.1 QUICK START-UP

The Quick start-up flow chart shows each of the top level
screens. The screens are ordered according to the hierarchy of
the 580B software. The particular button (which advanced the
580B to the next screen) is shown in parenthesis above each
screen. This flow chart does not illustrate any of the
associated screens or operations (see the detailed flow chart for
more in depth information).

The Quick start-up flow chart should be fully understood
before moving on to the more detailed flow chart. The best way
to learn each of the flow charts is to have the 580B with you and
to follow along verifying each step.

8.2 DETAILED FLOW CHART

The detailed flow chart illustrates many of the lower level
screens as well as the function of buttons. Screens are shown in
rectangles with the text written inside. The buttons are shown
in ellipses (actually a rather flattened ellipse) with the button
identifier written inside. There are a few conventions which
need to be explained. The button identifiers have been abbrevi-
ated. For example the +jINC button is simply denoted as +. When
two buttons need to be pressed simultaneously each identifier is
shown with a slash between them. For example RESETj+ indicates
that the .RESET and +jINC buttons should be pressed together.
Arrows indicate the direction of flow from one screen to the
next.
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APPENDIX A
COMMUNICATION

A.l INTRODUCTION

The 580B is capable of communicating over an RS-232 link
with any peripheral device which adheres to the communication
protocol outlined in this document. The 580B will communicate
with a peripheral device in one of two modes. While in the
PRINTER mode the 580B responds to commands from its keypad and
can be commanded to send characters out its RS-232 port to a
peripheral device. In the COMPUTER mode the 580B responds to
commands from a peripheral computer and can be commanded to send
and receive data and to perform other tasks. Regardless of the
mode used, the 580B sends and expects to receive data in the
following format:

No Parity
1 start Bit
8 Data Bits
1 stop Bit
Baud Rate = 150, 300, 600, 1200, 2400,4800 or 9600

The Baud Rate may be selected from the 580B keypad (see
Section 2.7)

A.2 PRINTER MODE INTERFACE

In the PRINTER mode the 580B can be instructed to send its
log data out the RS-232 port to a peripheral device such as a
printer.

The 580B can be manually instructed from its keypad to
output its log data. In this case the 580B sends all the log
data points it has acquired thus far. The log data is saved in
580B memory and will NOT be automatically erased upon output.
While in the PRINTER mode, the 580B log data file must be erased
(reset) from the keypad. An example of a log data output is
shown on page A-I7. Notice that the 580B also sends header
information which includes the following parameters: instrument
number, user ID, and mode of operation. The date at the top of
the header corresponds to the time when the first log data point
was taken with the parameters set as shown in the header. If any
of the parameters are changed and then new log data points are
acquired, the 580B will send an updated header before it sends
the new data points. It is also important to note that every log
data point is time stamped to show when it was stored.
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HARDWARE INTERFACE, PRINTER MODE

580B PERIPHERAL

TxD
CTS
GND

(8)
(E)
(A)

)RxD
-.DTR (or "printer ready")

GND

The connections shown above are required before the 5808 can
successfully send its log data to the peripheral. An example of
a cable used for PRINTER MODE communication is shown below:

SAMPLE CABLE, 5808 TO HP THIKKJET PRINTER

580B PRINTER

TxD (B)
CTS (E)
GND (A)
GND (F)

Thinkjet connector = TRWjCINCH DB-25P plug connector

Please remember that the 5808 must be placed into the PRINT-
ER mode prior to output of log data to a printer. This is done
from the 5808 keypad.

HARDWARE HANDSHAKING, PRINTER MODE

The 5808 will send loq data out the port to a peripheral
device as lonq as its CTS line is asserted (+V). If the periph-
eral has temporarily fallen behind, and consequently clears its
DTR line (-V), the 5808 will stop transmittinq data. It will
resume transmittinq as soon as the peripheral reasserts (+V) its
DTR line.

A.3 COMPUTER MODE INTERFACE

In the COMPUTER mode the 580B will respond to commands sent
by a peripheral computer. The 580B will respond to 3 types of
commands; DO, GET, and SET commands.

An example of a DO command is "DO RESET LOG (ret)" in which
the 580B is instructed to reset its log which, in effect, clears
all previously stored log data points. . ,

A GET command such as "GET ALARM (ret)" allows the peripher-
al to change a specified paraaeter in the 580B to a value provid-
ed by the peripheral.

A combination of DO, SET, and GET commands allow the opera-
tor at the peripheral to perform a variety of functions needed to
prepare a 580B for acquiring data.

The 580B can also be operated under "computer control". For
example, the 580B can be co..anded to acquire readings at speci-
fied intervals and then store the readings in a log data file.
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The 580B can subsequently be commanded to send its log data to a
printer, a file or the screen of the peripheral computer. This
can all be accomplished through commands issued by the peripheral
computer. So, effectively the 580B is under "computer control".

HARDWARE INTERFACE, COMPUTER MODE

580B COMPUTER

TxD (B),
RxD (C)
CTS (E)

GND (A)

CTS
!-RTS

The connections shown above are required before the periph-
eral computer can successfully communicate with the 580B. In
addition, the 580B must be placed into COMPUTER mode. This is
done from the 580B keypad.

An example of a cable used for COMPUTER MODE communication
is shown below:

SAMPLE CABLE, 580B TO IBM PC

5808 COMPUTER

(3)
(2)
20)
(6)

GND (A) GND
1 GND

7)
1)

(5)
(4)

CTS
!-RTS

If the peripheral's DTR line is asserted (+V), the 5808 will
look for and then respond to peripheral commands. As long as DTR
remains high, the 5808 will NOT perform functions such as count-
ing, updating the display, storing log data, etc. If DTR is
asserted, the 5808 will display the following message:

-COMPUTER LINK"
"WAITING FOR CONN"

The 580B must be allowed lOOms between the time the periph-
eral asserts DTR and the time it sends the 580B its first mes-
sage. If the 580B is busy communicating the display will read:
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"COMPUTER LDfK-
"COMMUNICATING-

When DTR is low (-V), the 580B will return to its normal
mode of operation where it counts, updates the display, etc. and
will NOT respond to peripheral commands.

XON/XOFF HAHDSHAKIIfG, COKf'u'.l'~ MODE

If the 5808 is transmitting log data and detects that an
XOFF has been received, it will stop transmitting. The 5808 will
not resume transmission until the peripheral device sends XON.
The 5808 will respond to XON and XOFF characters only if it is
NOT communicating with the computer (i.e., if 5808 CTS is NOT
asserted).

It is important to note that if the 5808 receives an XOFF it
will stop transmitting and will simply wait for the peripheral to
send XON, it will not acquire data, update the display or perfor.
other functions. The 5808 is essentially "locked up" until it
receives XON. For this reason, it would be good programming
practice to send out an XON to the 5808 prior to 580Bjperipheral
communication and afterwards also. consequently, if an XOFF
character is sent to the 5808 inadvertently, the 5808 will not be
locked up indefinitely.

PERIPHERAL/58GB COMMAND MESSAGES

A command message is a string of upper-case ASCII characters
terminated by an ASCII carriage return. The carriage return may
immediately follow the command or a space may separate the com-
mand and the carriage return as shown in the example below. The
command messages which the 580B will accept from the peripheral
are listed in TABLE A.l. The 580B will accept the messages as
shown in TABLE 1 or the command portion of the message can be
abbreviated as follows:

WS R F 01.00 (ret)W instead of
wSET RESPONSE FACTOR 01.00 (ret)W

Please note that the abbreviation must contain the first
letter of each and every word of the command. There are some
additional guidelines for abbreviating the SET OPERATING MODE
commands.

If the abbreviated version of a command is sent,
an ASCII blank must separate each letter of the command and must
separate the command from the data. Note that the command mes-
sage will contain data only if a SET command is being sent.

If the spelled-out version of a command is sent, an ASCII
blank must separate each word of the command and must separate
the command from the data.

Every SET command message contains a data value. The data
sent as part of a SET command must con for. to the formats de-
scribed in TABLE A.l. It is important to note that the 580B does
NOT perform error-checking on data sent as part of a SET command.
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It is up to the user to insure that the data value is
bIen and formatted as shown in TABLE A.I.

"reasona-

The following are examples of valid command messages:

"SET ACCESS LEVEL 3 ( ret) II
or "S A L 3 (ret) II

"SET REAL TIME 02/15/86 1723 (ret)"
or "5 R T 02/15/86 1723 (ret)"

580B/PERIPHERAL RESPONSE MESSAGES

A response message is a string of upper-case ASCII charac-
ters terminated by an ASCII carriage return. The response mes-
sages which the 580B will send to the peripheral are listed in
TABLE A.I. The messages which the 580B sends in response to a
GET command contain data formatted as shown. The notes which
follow TABLE A.l describe the GET command response messages in
more detail.

SOFTWARE HANDSHAKING, COMPUTER MODE

Every command message must be preceded by the "WAKE
UP/PROCEED" sequence. This sequence begins when the peripheral
sends a WAKE UP ("?") character to the 580B. The 580B must
respond with a PROCEED ("I") character before the computer can
send a command message. In the discussion
to follow, the WAKE UP/PROCEED sequence will be referred to as
(WAKE UP/PROCEED).

The peripheral sends command messages to the 580B an entire
line at a time. When the 580B receives the command line it will
echo the line back to the peripheral. The peripheral will exam-
ine the echo to determine if the 580B received the command cor-
rectly. If the echo was correct, the peripheral will signal the
580B with the PROCEED character. The 580B will then perform the
task specified by the command message. In the discussion ahead,
the command message and echo sequence will be referred to as
(COMMAND/ECHO/PROCEED).

The software handshaking sequences for each of the 3 types
of commands are given below:

00 COMMANDS

The handshake sequence for a DO command is as follows:

1.
2.
3.
4.

(WAKE UP/PROCEED)
(COMMANDS/ECHO/PROCEED)
580B performs task
580B sends PROCEED or ERR

If the 580B was able to successfully complete the task it
will send a PROCEED character in step 4, otherwise it will send
the error message ("ERR").
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GET COMMANDS

The handshake sequence below applies to all of the GET
commands with the exception of GET LOG DATA and GET CONTINUED
LOG:

1.
2.
3.
4.
5.

(WAKE UP/PROCEED)
(COMMAND/ECHO/PROCEED)
5808 sends data message
Peripheral echoes data message
5808 sends PROCEED or ERR

The message sent by the 580B in response to a GET command
are shown in TABLE 1. When the peripheral receives the message
containing the data it echoes the entire message back to the
580B. If the echo is correct the 580B will send the PROCEED
character so that the peripheral knows it received the data
correctly. If the echo is not correct, the 580B will send "ERR".

The GET LOG DATA and GET CONTINUED LOG commands differ from
the other GET commands in that the 580B sends an indefinite
number of data values. The handshake sequence for these commands
is as follows:

1.
2.
3.
4.

(WAKE UP/PROCEED)
(COMMAND/ECHO/PROCEED)
580B sends a log data point message
If message = "EOT" (end of transmission) then DONE,
otherwise go on to step 5.
Peripheral echoes entire message
580B sends PROCEED or ERR
Peripheral sends PROCEED
Go to step 3

5.
6'.

7.

8.

In step 4, the 5808 sends "EOT" if it has sent all the log
data points available. If some time later the peripheral sends
"GET CONTINUED LOG (ret)" the 5808 will send any additional data
points it may have acquired since the GET LOG DATA command. In
step 6, the 5808 will send PROCEED if the peripheral echoed th.e
message correctly in step 5. The 5808 will also increment its
data buffer pointer. If however, the peripheral did ~ correctly
echo the message in step 5, the 5808 will send "ERR" in step 6
and will HQr increment its data buffer pointer. This means that
the next time through step 3, the 580B will send the same data
point again. In either case, the peripheral must send a PROCEED
in step 7.

COMMANDS

handshaking sequence for a SET command is as follows:

1.
2.
3.
4.

(WAKE UP/PROCEED)
(COMMAND/ECHO/PROCEED)
5808 sets parameter to value
5808 sends PROCEED or ERR
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In step 3 the 580B sets the parameter specified by the
command to the value provided by the peripheral in the command
message. The data value sent in the SET command message must be
formatted as shown in TABLE 1. If the 580B is able to success-
fully set the parameter it will send the PROCEED character,
otherwise it will send "ERR".

NOTE: The flowcharts shown in Figures A.I - A.4 are included to
further explain the software handshaking sequences required for
successful communication between the peripheral and the 580B.

TABLE A.1
MESSAGE FORMATS

PERIPHERAL COMMAND 5808 RESPONSE

00 COMMANDS

DO END COMMUNICATIONS (ret
00 RESET LOG ( ret )

t
!

(ret)
(ret)

GET COMMANDS

ACCESS LEVEL I (ret)
ALARM SETTING 1111 (ret)
(see notes which follow)
INSTRUMENT I 111111 (ret)
LOCATION CODE 111111 (ret)
(see notes which follow)
OPERATING MODE: ASCII (50) (ret)
LAST MAX VALUE 1111 ASCII (8) (ret)
LAST CONC VALUE 1111 ASCII (8) (ret)
REAL TIME CLOCK II/II/II 1111 (ret)
USER I.D. # 111111111 (ret)
RESPONSE FACTOR 11.11 (ret)
SPAN CONCENTRATION 1111 (ret)
580B VERSION 1.0 (ret)
1:11 (ret)

GET ACCESS LEVEL ( ret)
GET ALARM SETTING ( ret)
GET CONTINUED LOG (ret)
GET INSTRUMENT NUMBER ( ret )
GET LOCATION CODE ( ret)
GET LOG DATA (ret)
GET OPERATING MODE (ret )
GET MAX READING ( ret)
GET RATEMETER READING ( ret)
GET REAL TIME ( ret)
GET USER ID ( ret)
GET RESPONSE FACTOR (ret)
GET SPAN CONCENTRATION (ret)
GET VERSION NUMBER (ret)
GET LOGGING INTERVAL (ret)

SET COMMANDS

!
!
!
!
!
!
!
!
!
!

(ret)
(ret)
(ret)
(ret)
(ret)
(ret)
(ret)
(ret)
(ret)
(ret)

SET ACCESS LEVEL I ( ret )
SET ALARM SETTING 1111 (ret)
SET INSTRUMENT NUMBER 111111 (ret)
SET LOCATION CODE 111111 (ret)
SET OPERATING MODE ASCII (50) (ret)
SET REAL TIME 11/11/11/ 1111 (ret)
SET USER ID 111111111 (ret)
SET RESPONSE FACTOR 11.11 (ret)
SET SPAN CONCENTRATION 1111 (ret)
SET LOGGING INTERVAL 1:11 (ret)
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NOTES ON TABLE A.1

The peripheral will receive data back from the 5808 in
response to a GET command only. The 5808 response to a DO or SET
command is the PROCEED ("1") character. This is because the 5808
does not actually return data but siqnals the peripheral with the
PROCEED character if it was able to perform the task requested.
If for some reason the 5808 is unable to perform the task it will
send an error message "ERR" rather than PROCEED.

The data values sent by the peripheral as part of a SET
command message and the data received by the peripheral in re-
sponse to a GET command must be formatted as shown in TABLE A.I.

The data foraat codes used in TABLE 1 are described below:

a single digitI

1:1:1:...1:1: an integer .string", the number of
l's shown indicates the length of
the string. Note: the "string" MUST be
the length specified, use leading zeros
if necessary.

ASCII Cn) an ASCII
n characters

string with a maximum of

Several of the command messages listed in TABLE 1 require
additional explanation. These comments are listed according to
the command name:

DO RESET LOG

This command instructs the 5808 to clear its log data file
All log data values acquired previously will be erased.

GET CONTINUED LOG

This command instructs the 580B to send any log data points
acquired since the last GET LOG DATA command. The foraat of the
580B response will be the same as the response to the GET LOG
DATA command.

GET LOG DATA

This command instructs the 580B to send all of its log data
points. The log data file is saved in 580B memory and is NOT
automatically erased upon output. The log data file may be
erased (reset) with the DO RESET LOG command.

GET OPERATING MODE

The 580B responds to a GET OPERATING MODE command by sending
a string "MODE: ", followed by an ASCII string which describes
the current 580B mode of operation. The 580B responses to the
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GET OPERATING MODE command are listed below:

OPERATING MODE:
OPERATING MODE:

CONCENTRATION METER NORMAL
CONCENTRATION METER MAX HOLD

GET MAX READING

The 580B responds to a GET MAX READING command by sending
the max value as shown in TABLE A.I. After the 580B sends the
max reading it resets the max value to o.

GET REAL TIME

The 580B will return its real time as an ASCII string in the
following format: "05/29/86 1422"

SET ACCESS LEVEL

The access level must be an integer in the range 0 to 3

SET INSTRUMENT NUMBER

The instrument number is a string of 6 integers. If the
instrument number = 2 then the number must be represented as
000002 (i.e. leading zeros must fill in excess spaces). An
example of a valid SET INSTRUMENT NUMBER command is "SET INSTRU-
MENT NUMBER 000002 (ret) 'I.

SET LOCATION CODE

The location code is a string of 6 integers. If the loca-
tion code - 234 then the correct SET LOCATION CODE command is
"SET LOCATION CODE 000234 (ret)". (Leading zeros must fill
excess spaces.)

SET OPERATING MODE

As shown in TABLE A.l, the command SET OPERATING MODE must
be followed by an ASCII string which describes the mode. The
list of valid SET OPERATING MODE commands along with valid abbre-
viations are listed below:

SET OPERATING MODE CONCENTRATION (ret)
S 0 M C (ret)

SET OPERATING MODE MAX HOLD (ret )
S 0 M M H (ret)
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SET ~ I1ESSIIGE

, SSM ECHOS t£SSME

~

MX TRN-IS
ERRORS?

NO I t«;R£f£HT T~ I SS I ~
ERROR~

ECHO
CORRECT?

YESYES

I PERIP~ SEWS "'"

588ft PERFORMS TASK
HC) ~ REPLY

EXIT
YESREPLY

- -,"

f«)

REPORT "SET"
COI'II'WoC) ERROR

Figure A.4
Software Handshake

Set CODmlands
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SET REAL TIME

The format for setting the real time is as follows:

II/II/II 1111
. . . ..

. . .. . . . .. . . .minutes (max=59)

. . hours (max=23)

. . . . . . . . . . . . . . . year

. . . . . . . . . . . . . . . . . day

. . . . . . . . . . . . . . . . . month

For example: SET REAL TIME 02/15/86 1723 (ret)
This instructs the 580B to set its real time
clock to February 15,1986 5:23 p.m.

SET USER IO

The user ID is a string of 9 integers. To set user ID = 66, use
the following command "SET USER ID 000000066 (ret)" (leading
zeros must fill in exc~ss spaces).

580B VER.1.1
07/11/88 1508
INSTRUMENT I 580000
USER I.D. I 014569373
OPERATING MODE: CONC. METER, MAX HOLD

STATUSLOC.
000000
000001
000002
000003
000004
000005
000006
000007
000008
000009
000010

PPM
0012
0047
0000
0050
0021
0010
0061
0046
0004
0104
0076

07/11/88 1508
07/11/88 1508
07/11/88 1508
07/11/88 1508
07/11/88 1508
07/11/88 1508
07/11/88 1509
07/11/88 1509
07/11/88 1509
07/11/88 1509
07/11/88 1509

ALARM

07/11/88 1509
INSTRUMENT # 580000
USER I.D. I 014569373
OPERATING MODE: OONC. METER

STATUSPPM
0000
0064
0052
0001
0007
0101

LOC.
000011
000012
000013
000014
000015
000016

07/11/88 1509
07/11/88 1509
07/11/88 1509
07/11/88 1509
07/11/88 1509
07/11/88 1509 ALARM

Figure A.S
Data Log Output
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BILL OF MATERIALS THERMO ENVIRONMENTAL INSTRUMENTS
580S-6048 REV. A PROCESSORjRANGING BOARD

QUAN. PART NUMBER DESG. DESCRIPTION

1 11695 01 SOC3! S BIT MICROCONTROLLER

4040 BINARY COUNTER1 11696 U5

4001 NOR GATE1. 11697 U6

07 LM7805 5 VOLT REGULATOR1 11126

MAX680 VOLTAGE CONVERTER1 11159 U9

LM2904 DUAL OP AMP1 1.1.71.6 U1O

CD40109B QUAD LEVEL SHIFTER11717 Ull1

00-444 ANALOG SWITCH1 11723 U12

013 AD654 V/F1 9296

ADS 4 9 ELECTROMETER1 1.1.1.52 U16

CAPACITOR, 33PF2 10391 C1,2

CAPACITOR, lOUF10376 C3,132

MONOLITHIC CAPACITOR, lOOPF1 5609 C4

MONOLITHIC CAPACITOR, .O1UF5605 C5,152

MONOLITHIC CAPACITOR, .OO2UF1 1.0399 C6

MONOLITHIC CAPACITOR, O.lUFC8,92 10372

CAPACITOR, .47UF10403 C1.1.,1.22

CAPACITOR, 2. 2UFC16,182 10390

POLYPROPYLENE CAP ~.8NF,5%10402 C171

C19,20 CAPACITOR, 1 . OUF2 10378

R1 RESISTOR,8.2K1 10790

RESISTOR, 100, 1/4 W10847 R21

RESISTOR, lOOK10862 RJ,24,Jl3

RESISTOR, 75K10928 R41
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~ BILL OF MATERIALS THERMO ENVIRONMENTAL INSTRUMENTS

5805-6048 REV. A PROCESSORjRANGING BOARD

QUAN. PART NUMBER DESG. DESCRIPTION

1 10929 R5 RESISTOR, 510K

2 10930 R6,12 RESISTOR, 270K

1 5986 R7 RESISTOR, 3,3K

1 10939 R8 RESISTOR, 50, 5W

2 10704 R9,30 RESISTOR, 100, 1/2W

4 10864 R13,14,17,20 RESISTOR, lOR

1 10938 R15 RESISTOR, 68K

1 6025 R16 RESISTOR, 39K

2 2219 R18'1;9 RESISTOR, 33K

1 10786 R21 RESISTOR, 330

1 10951 R22 RESISTOR, 150M, 5%

1 10952 R23 RESISTOR, 15M, 5%

1 10846 R25 RESISTOR, 10

i 10936 R26 RESISTOR, 2K

1 J:0865 R27 RESISTOR,4.64K

1 11641 RNI NETWORK, 4.7K X 6

3 11807 CRl-3 IN4148

2 11829 CR5,12 lN5339

1 11805 CR13 lN5820

1 10557 Y1. 7.373 MHZ

1 10446 Jl RADIAL SMC

1. 11398 J4 2 PIN AMP, .100 CENTER

1. 11418 J5 4 PIN MTE

03'



BILL OF MATERIALS THERMO ENVIRONMENTAL INSTRUMENTS
580S-6048 REV. A PROCESSOR/RANGING BOARD

PART NUMBER DESG. DESCRIPrIONQUAN.

3 PIN MTE11419 J61

2 PIN AMP .156 CENTER11405 J71

.125 AMP FUSE ASSEMBLY2 5805-6040 Fl,2

SOl STANDOFF1 10422

SPST SWITCH, DUAL12138 81,22

2N440311762 Ql-33

2N4401Q51 11759

IRF52311773 Q61

P. C. BOARD BLANKREV. A1. 5808-2057

D4





BILL OF MATERIALS THERMO ENVIRONMENTAL INSTRUMENTS
5805-6047 REV. A MEMORY BOARD

DESCRIPTIONDESG.QUAN. PART NUMBER

74HC37311689 Ul1

8X EPROM27C256U21 11728

8K X 8 BA'rrERY BACKED RAM48Z0811687 U31.

74HC259 OUTPUT PORT11688 U41.

2K X 8 TIMEKEEPER RAM48TO2us116911

RS-232 CHIPMAX232U611.6851

74HC13811151 U71.

74HCO2U8117301

lUF CAPACITOR10378 Cl-3 '0
5

4

.1UFMONOLITHIC CAPACITOR,C4,6,
7,8

103724

RESISTOR, 3KR1107891.

28 PIN SOCKETX7113741

p . C . BOARD BLANK5808-2056 REV. A1.
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APPENDIX F
COMMON ORGANIC SOLVENTS AND GASES DATA SHEET

DENSITY
(G/ML)

BP
(OC)*

J.P.
(EV)**

TWA
(PPM)***

CllEMICALMATERIALS F.W.
(G/MOLE)

0.788
1.159
1.049
1.10
0.79
0.79
1.033
1.52
1.104
0.90
0.8389
0.8004
0.85
0.94
1.02
0.9956

gas
gas

1.053
0.88
1.010
1.1886
1.10
0.992
3.1023
1.495
1.276
1.255
1.723
1.991
1.593
2.9
1.260
1.189
1.218
1.354
1.310
1.413
1.398
1.684
1.4099
1.431
1.431

gas
gas

.842

21
221

116-117
138-117

56
82

202
75-75

52

1

1

1

1
1
1
1
1

1

Acetaldehyde 44.05
Acetamide 59.07
Acetic Acid 60.05
Acetic Anhydride 102.1
Acetone 58.1
Acetonitrile 41.1
Acetophenone 120.15
Acetyl Bromide 122.96
Acetyl Chloride 78.50
Acetylene 26.02
Acrolein 56.06
Acry1onitrile 53.06
Allyl Alcohol 58.1
Allyl Chloride 76.5
Aniline 93.1
Anisole 108.13
Ammonia 17.03
Arsine 77.9
Benzaldelyde 106.12
Benzene 78.1
Benzonitrile 103.12
Benzotriflouride 146.11
Benzyl Chloride 126.6
Biphenyl 154.21
Bromine 159.81
Bromobenzene 157.02
1-Bromobutene 137.03
2-Bromobutene 137.03
1-Bromo-2-Chlorethene 143.42
Bromochloromethane 129.39
1-Bromo-2-Flourobenzene 175.01
Bromoform 252.8
1-Bromo-2-methyl propane 137.03
2-Bromo-2-methyl propane 137.03
1-Bromopentane 151.05
2-Bromopropane 123.00
2-Bromopropene 123.00
1-Bromopropene 120.98
3-Bromopropene 120.98
2-Bromothiophene 163.04
M-Bromotoluene 171.04
o-Bromotoluene 171.04
P-Bromotoluene 171.04
1,3-Butadiene 54.1
Butane 58.12

90.19

10

5

1000

40 cell

53
77

96-98
44-46

184
154

0.1
10

2
1
5

178-185
80

188
102

177-181
255

58.8
156

100-04
91

106-07
68

150
150-01

90-92
72-74

130
71
59

58-63
70-71

149-151
183.7

58.60
184

9.07
10.63

9.14

1

1

1

1

1
1

1
1

1
1
1

0.5

1000

'* BP -
'*'* IP -

'*'*'* TWA -

Boiling Point Degrees centigrade
Ionization Potential
Time Weighted Average = Parts Per Million

F-l

O.
9.
O.
9.
9.
2.
9.
O.
1.
1.
O.
O.
9.
9.
7.
8.
O.

.2

.7

.J

.8
6

.2

.2

.5

.0

.4

.1

.9
6

,9

.7

.2

.1

1
7
7
8
9
2
7
5
2
1
0
1
7

0
2
5

9.53
9.25
9.71
9.68
9.14

O.

8.

O.

9.

O.

,0.

8.
O.

O.

9.

O.

O.
O.

9.

9.
8.

8.

8.

8.

.5

.9

.1

.9

.6

.7

.9

.4

.0

.8

.1

.1

.0

.3

.7

.6

.8

.7

.6

5
8
3
8
3
7
9
7
9
9
0
8
8
0
0
3
1
9
7



J.P.
CRY)**

TWA
(PPM)***

CHEKICAL MATERIALS F.W.
(G/MOLE)

DENSITY
(G/ML)

BP
(Oc)*

0.81
0.6255
0.88
0.88
0.81
0.73
0.73
0.73
0.8604
0.8604
0.8669
0.8016
0.959
0.7954
0.99

gas
gas

1.59
gas

1.10
1.48

.883

.851

.892

.859

.939
1.286
1.076
1.0826
1.0697
1.034
1.048
1.034
0.853
0.86
0.9537
0.81
0.96
0.95
0.81
0.925
0.7460
1.4366
0.744

gas
gas
gas

80

1

1

1
1

1
1
1
1

1
1
1
1
1
1

1

1

1

1

200

124-26
111-12
117.7

73
63
46

183
173-04

169
75

162
115-17

204 2 mg/m
5000

50
10

1 cell
75

50 cell

77

132
60.5-61.5

68-69
51-52
46-47
34-36
44-46

127-29
160-162
157-159

162
203
191
202
104

152-154

5 cell
5 cell
5 cell

2
50

2-Butanone 72.1
1-Butene 56.10
N-Butyl Acetate 116.2
S-Butyl Acetate 116.2
N-Butyl Alcohol 74.1
N-Butyl Amine 73.1
S-Butyl Amine 73.1
T-Butyl Amine 73.1
N-Butyl Benzene 134.21
S-Butyl Benzene 134.21
T-Butyl Benzene 134.21
N-Butyraldehyde 72.10
N-Butyric Acid 88.10
N-Butyronitrile 69.10
Camphor 152.2
Carbon Dioxide 44.01
Carbon Monoxide 28.01
Carbon Tetrachloride 153.8
Chlorine 70.90
Chlorobenzene 112.6
Chloroform 119.4
1-Chloro-2-Methylpropane 92.57
2-Chloro-2-Methylpropane 101.64
1-Chloropropane 78.54
2-Chloropropane 78.54
3-Chloropropane 76.53
2-Chlorothiophene 118.59
M-Chlorotoluene 126.58
O-Chlorotoluene 126.58
P-Chlorotoluene 126.58
M-Cresol 108.1
O-cresol 108.1
p-Cresol 108.1
Crotonaldehyde 70.09
Cwnene 120.2
Cyanogen 52.04
Cyclohexane 84.2
Cyclohexane 100.2
cyclohexanone 98.1
Cyclohexene 82.1
Cyclo-Octatetraene 104.15
Cyclopentane 70.13
Cyclopentanone 84.11
Cyclopentene 68.12
Cyclopropane 42.08
Diborane 27.68
Diazomethane 42.0

300
50
50

300

80.7-81
160-161

155
83

142-43
50

130-131
44

0.2

* BP - Boiling Point Degrees Centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million

F-2

9.
9.
O.
9.
O.

8.
8.
8.
8.
8.
9.
O.
1.
8.
3.
4.
1.
1.
9.
1.
O.
O.
O.
O.
O.
8.
8.
8.
8.
8.
8.
8.
9.
8.
3.
9.
O.
9.
8.
7.
O.
9.
9.
9.
1.
9.

.5

.5

.0

.9

.0

7

.7

,6

.6

,6

.6

,8

.1

,6

.7

,7
.0

,4

.4

,0

.3

.6

.6

,8

.7

.0

.6

.8

.8

.7

.5

.5

.3

.7

.7

.8

.9

.0

.1

.9

.9

5

,2

.0

,9

.0

,0

,3
,8
1
1
4
8
0
4
9
8
8
6
6
7
6
9
1
7
8
7
7
6
1
2
8
4
8
3
3
0
2
0
8
3
5
0
8

4
5
9
3
6
1
1
0

150
150
100

5
5
5



CHEMI CAL MATERIALS F.W.
(GjMOLE)

DENSITY
(G/ML)

I.P.
(BY)**

BP
(oC)*

TWA
(PPM)**

209.83
187.87
201.90
278.3
147.01
147.01
147.01

99.0
98.96
97.0
84.93

112.99
112.99
110.97
115.18

73.1
74.12

101.15
86.13
90.19

138.19
84.12

101.2
90.12
87.12
45.1

122.2
86.18
86.18

100.16
73.09
63.13
88.1

101.19
134.12

92.5
30.07
62.13
88.1
46.1
45.1

106.2
109.0
114.2

64.52
122.25
187.9

99.0

2.297
2.180
1.937
1.04
1.288
1.306
1.241
1.18
1.256
1.28
1.325
1.156
1.190
1.204
0.925
0.71
0.7134
0.908
0.816

.837
1.883
0.922
0.72
0.863
0.937
0.68
0.96
0.649
0.662
0.801
0.9445
0.846
1.03
0.738
0.84
1.18

gas
0.8315
0.90
0.80
0.69
0.87
1.45
0.82
0.9214
0.993
2.17
1.26

22-23
131-32

167
340

172-73
179-180

173
57
83

46-60
39.8-40

95-96
120-22

94
182-86

55
34.6

176-77
102

11.07
9.45

10.07
5 mg/m

50
50
75

100

9.12
9.07
8.94

11.06
11.12

9.66
11.35
10.87
10.85

9.82
8.60
8.01
9.53
8.89
9.32
8.43
9.68
8.34
7.73
9.65
8.81
8.24
7.13
10.06
10.02

9.17
9.12
8.69
9.13
7.84
8.03

25

158-60
86
84
64

164.5-66

5

10
10

193-94
50
50

106
153

38
100-102
105-110

80-82
115-117

10

5
11.65

9.29
10.11
10.48

8.86
8.76

10.29
9.02

10.98
8.27

10.52
11.32

Dibromodiflouromethane
l,2-Dibromoethane
l,3-Dibromopropane
Dibutylphthlate
M-Dichlorobenzene
o-Dichlorobenzene
P-Dichlorobenzene
l,l-Dichlorethane
l,2-Dichlorethane
l,2-Dichlorethylene
Dichloromethane
l,2-Dichloropropane
l,3-Dichloropropane
2,3-Dichloropropane
N,N-Diethyl Acetamide
Diethylamine
Diethyl Ether
N.N-Diethyl Formamide
Diethyl Ketone
Diethyl Sulfide
Diethyl Sulfite
Dihydropyran
Diisopropylamine
l,l-Dimethoxyethane
N,N-Dimethyl Acetamide
Dimethyl Amine
N,N-Dimethyl Aniline
2,2-Dimethyl Butane
2,3-Dimethyl Butane
3,3-Dimethyl Butanone
N,N-Dimethyl Formamide
Dimethlyl Sulfide
P-Dioxane
Dipropyl Amine
Durene
Epichlorohydrin
Ethane
Ethanethiol
Ethyl Acetate
Ethyl Alcohol
Ethyl Amine
Ethyl Benzene
Ethyl Bromide
Ethyl Butyl Ketone
Ethyl Chloride
Ethyl Disulfide
Ethylene Dibromide
Ethylene Dichloride

35
76.5-77.5

78
19.20

136
37-40

146-49

400
1000

10
100
200

50
1000

153
131-132

83
20
50

* BP - Boiling Point Degrees Centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million
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CHEMI CAr. MATERIALS F.M.
(G/HOLE)

DENSITY
(GJKL)

I.P.
(EV)'*'*

BP
(Oc)*

TWA
(PPM)**

0.73
0.92
1.950
1.003
0.842
0.90
0.891
1.007
0.9300

gas
1.024
1.256
0.997
1.004
1.001
1.083
1.1334
1.220
1.160
0.9371
0.68
0.8068
0.66
0.673
0.80

gas
gas
gas

0.687
gas
gas
gas
gas
gas

4.93
1.8384
1.617
1.4991
1.599
1.517
1.743
1.703
1.713
1.698

9.59
10.61

9.33
9.14
8.55

11.22
10.00

9.89
8.82

15.70
9.20
8.95
8.92
8.92
8.79

10.87
10.25
11.05

9.21
8.89

10.08
9.33

10.18
9.46
9.53

15.43
11.62
12.74
13.91
15.77
10.38

9.88
10.46

9.14
9.28
8.73
9.21
9.09
9.18
9.19
9.26
9.17
8.62
8.61
8.50
9.94

10.42

74.1
74.1

155.98
87.15
76.16
75.07

102.13
87.14

102.13
37.99
96.10

112.10
110.13
110.13
110.13

30.03
45.04
46.02
96.09
68.07

100.2
114.18

86.2
84.16

100.2
2.017

80.92
36.47
27.03
20.01

127.93
80.98
34.08

129.63
253.81
204.02
184.02
184.02
184.02
198.05
169.99
169.99
218.04
218.04
218.04
130.2

88.2

400
100

142-44

85
172-74

178
172-172

185
3

210
110-101

182

500

3
5 cell

10
3

0.05
20 cell

0.1 cell
188

130-31
119-120
120-21
154-55
101-Q2

88-90
211

Ethyl Ether
Ethyl Formate
Ethyl Iodide
Ethyl Isothiocyanate
Ethyl Methyl Sulfide
Ethyl Nitrate
Ethyl Propionate
Ethyl Thiocyanate
Ethynylbenzene
Fluorine
Flourobenzene
O-Fluorophenol
M-Fluorotoluene
O-Fluorotoluene
P-Fluorotoluene
Formaldehyde
Formahide
Formic Acid
2-Furaldehyde
Furan
Heptane
2-Heptanone
Hexane
l-Hexane
Hexone
Hydrogen
Hydrogen Bromide
Hydrogen Chloride
Hydrogen Cyanide
Hydrogen Flouride
Hydrogen Iodide
Hydrogen Selenide
Hydrogen Sulfide
Hydrogen Telluride
Iodine
Iodobenzene
l-Iodobutene
2-Iodobutene
l-Iodo-2-Methylpropane
l-Iodopentane
l-Iodopropane
2-Iodopropane
O-Iodotoluene
M-Iodotoluene
P-Odotoluene
Isoamyl Acetate
Isoamyl Alcohol

211-5
142

130-1
0.88
0.81

* BP - Boiling Point Degrees Centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million

F-4

34.6
52-54
67-73

60
66-67

112
99

98
149-50

68-69
64



CllEMICALMATERIALS F.W.
(G/MOLE)

DENSITY
(G/ML)

BP
(Oc)*

I.P.
(EV)**

TWA
(PPM)**

73.14
102.13

56.11
72.11
88.11

114.2
114.23

68.12
102.1

60.1
59.1

120.2
102.2

86.13
107.15
107.15
107.15

98.1
120.19
98.14
16.04
48.11
73.10
74.08
86.1
31.06
95.0
70.16
70.14
70.14

100.6
102.13

50.5
98.19
94.20
72.10
60.1
82.10

142.0
100.2
102.13

86.12
73.12

100.1
142.20
142.20

86.18
86.18
88.11

0.724
0.885
0.5942
0.794
0.950
0.70
0.692
0.681
0.87
0.79
0.69
0.86
1.37
0.785
0.945
0.927
0.9252
0.93
0.8637
0.8592

qas
0.96
0.957
0.9279
0.96

qas
qas

0.650
0.627
0.643
0.83
0.898

8.70
10.46

9.23
9.74

10.02
17.9
10.32

8.85
9.99

10.16
8.72
8.75
9.20
9.71
8.85
8.85
8.85

11.1
8.40
9.08

12.98
9.44
8.90

10.27
9.9
8.97

10.53
9.12
9.51
8.67
9.34

10.07
11.28

9.85
8.46
9.53

10.815
8.39
9.54
9.30
9.98
9.32
9.25
9.9
7.96
7.96

10.12
10.08
10.15

250
400

5
50

500

33-34
152-54

68-69
90

162-63
159

143-45
200

162-64
129

204-05
57.5

80
48

10

31
20

127
102-103

0.770
1.046
0.805
1.34
0.827
2.28
0.80
0.891
0.805

101
109

80
34

63-66
41-43

117-18
90

94-95
37-39

100
240-243
241-242

62
64
79

100

5
100

Isobutyl Amine
Isobutyl Formate
Isobutylene
Isobutyraldehyde
Isobutyric Acid
Isoctane
Isopentane
Isoprene
Isopropyl Acetate
Isopropyl Alcohol
Isopropyl Amine
Isopropyl Benzene
Isopropyl Ether
Isovaleraldehyde
2,3-Lutidine
2,4-Lutidine
2,6-Lutidine
Malaic Anhydride
Mesitylene
MesitylOxide
Methane
Methanethiol
N-Methyl Acetamide
Methyl Acetate
Methyl Acrylate
Methyl Amine
Methyl Bromide
2-Methyl-l-Butane
3-Methyl-l-Butane
3-Methyl-2-Butane
Methyl Butyl Ketone
Methyl Butyrate
Methyl Chloride
Methyl Cyclohexane
Methyl Disulfide
Methyl Ethyl Ketone
Methyl Formate
2-Methyl Furan
Methyl Iodide
Methyl Isobutyl Ketone
Methyl Isobutyrate
Methyl Isopropyl Ketone
Methyl Isothiocyanate
Methyl Methacrylate
l-Methyl Napthalene
2-Methyl Napthalene
2-Methyl Pentane
3-Methyl Pentane
Methyl Propionate

100

* BP - Boiling Point Degrees centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million

F-5

0.94
1.001
1,000
0.653
0.664
0.915



CHEMI CAL MATERIALS DENSITY
(G/MI,)

BP
(oC)*

I.P.
(EV)**

TWA
(PPM)**

F.W.
(G/MOLE)

0.809
1.068
0.989
0.87
1.01
1.16
1.01

100.01
131

9.38
10.07

129
217.7

8.88
8.12
9.25

20
1.0

1.0
1.01.21 210-211 9.92

1.52
1.448
1.38
1.13
0.99
0.98
1.00
1.16

gas
gas

0.61
0.62638
0.6429
0.6503
0.967
1.07
1.1
1.0887
1.1288

gas
gas

1.6
1.57
0.950
0.9613
0.9571

gas
0.841
1.146
0.99336
0.8071
0.7818
0.84
0.804
0.719
0.862

gas
0.859

9.
9.

10.
11.
10.
10.

9.
11.
12.
12.
10.
10.

8.
9.
8.
8.
7.
8.
8.

11.

1.0 mg/m

112
100.8-101

131-32
120
153

225-238

100
100

25
25

5

35
140.4

29.9-30.1
169-70

182
238-41
162~63

221

5
5

0.4 mg/m
0.3

1 mg/m

6

4

200

Methyl Propyl Ketone 86.13
2-Methyl styrene 165.4
Monomethyl Aniline 107.16
Monomethyl Hydrazine 46.1
Morpholine 87.1
Nephthalene 93.7
Nitric Oxide 162.2
P-Nitroaniline 138.1
Nitrobenzene 123.1
4-Nitrobiphenyl 199.2
P-Nitrochlorobenzene 157.6
Nitrogen Dioxide 46.01
Nitroethane 75.1
Nitromethane 61.0
I-Nitropropane 89.1
2-Nitropropane 89.1
N-Nitrosodimethylamine 74.1
Nitrotoluene 137.1
Oxygen 31.9988
Ozone 48.00
Pentaborane 63.17
Pentane 72.15
2,4-pentanedione 70.13
I-Pentene 70.13
Phenetol 122.16
Phenol 94.1
Phenyl Hydrazine 108.1
Phenyl Isocyanate 119.12
Phenyl Isothiocyanate 135.18
Phosgene 98.9
Phosphine 34.0
Phosphorous Pentachloride208.2
Phosphorous Trichloride 137.3
2-Picoline 93.12
3-Picoline 93.12
4-Picoline 93.12
Propane 44.09
1-Propanethiol 76.16
Propiolactone 72.06
Propionic Acid 74.08
Propionaldehyde 58.08
Propionitrile 55.08
N-Propyl Acetate 102.1
Propyl Alcohol 60.10
Propyl Amine 59.11
Propyl Benzene 120.20
Propylene 42.08
Propylene Oxide 58.08 34

* BP - Boiling Point Degrees centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million

F-6

,96
,78
81

,08
88

,71
07
,63
08
08
40
35
87
50
13
50
86
77
52
77

76
128-29

144
145

7

6



DENSITY
(G/IfL)

BP
(Oc)*

I.P.
(BY)**

TWA
(PPM)***

CHEMICAL MATERIALS F.W.
(G/MOLE)

Methyl Propyl Ketone 86.13
2-Methyl styrene 165.4
Monomethyl Aniline 107.16
Monomethyl Hydrazine 46.1
Morpholine 87.1
Napthalene 93.7
Propyl Ether 102.17
Propyl Formate 88.10
Pyrene 202.3
Pyridine 79.1
Pyrrole 67.09
styrene 1.04.14
Styrene OXide 1.20.2
Tetrachloroethylene 1.65.9
Tetrahydrofuran 72.10
Tetrahydropyran 86.1.3
Thiophene 84.1
Toluene' 93.13
a-Toluidine 1.07.2
Trichloroethene 131.40
Triethylamine 1.01.19
Trimethyl Amine 59.11
2,2,4-Trimethyl Pentane 11.4.23
Tripropyl Amine 143.27
Valeraldehyder 86.13
Valeric Acid 102.13
Vinyl Acetate 11.8
Vinyl Bromide 106.96
Vinyl Chloride 62.5
Water 1.8.016
M-Xylene 106.16
a-Xylene 106.16
P-Xylene 106.16

O.
1.
O.
O.
1.

1.3
O.
O.

O.
O.
9.
1.
1.
O.
O.
1.
O.
1.
1.
1.
O.
O.
o.
o.
O.
O.
1.

1.
O.
O.
o.

100.01
131

9.38
10.07

129
217.7

88.90
8

1

1

1
1

20
10

115
131

145-146
194
121

67
88
84

111
199-200

87
88.18

3-4
98-99

155-58
103
185

72-73
16

5

100

5

10

1
100

138-39
143-45

138

100
100
100

* BP - Boiling Point Degrees Centigrade
** IP - Ionization Potential

*** TWA - Time Weighted Average = Parts Per Million

F-7

.8

.0

.9

.8

.0

L6
.7

.9

q
.9

.9

.9

.0

.6

.8

.8

.5

.8

.0

.4

.0

.6

.6

.7

.8

.9

.9

.5

q
.0

.8

.8

.8

0
6
8
7
1

3
0
a
8
6
0
5
3
8
8
3
6
1
6
6
3,
9
5
0
3
4
1
a:
0
6
8
6

9
8
9

6
1
s

9
5
4

9
1

6

4
9
6
2
3
9
9

7
s

8
0
1

0

1
9

2
4

9

5

4
1
4

8.
. ]
9.
O.
7.
9.
8.
8.
9.
9.
9.
9.
8.
8.
7.
9.
7.
7.
9.
7.
9.
O.
9.
9.
O.
2.
8.
8.
8.

.8

L2

.2

.5

.4

.3

.2

.4

.0

.3

.5

.2

.8

.8

.4

.4

.5

.8

.8

.2

.8

.1

.1

.8

.0

.5

.5

5

.4

8

7
4
1
2
0
7
4
2
4
6
6
2
4
5
0
2
6
3
2
2
9
0
0
9
6
6
5



APPENDIX G
DILUTION PROBE OPERATION

(Not investigated as part of UL classified product)

GENERALG.!

The dilution probe is constructed of stainless steel and
Teflon, with a charcoal filter mounted on the dilution inlet.
The purpose of the charcoal filter is to provide hydrocarbon free
air to the probe assembly so that the dilution of the incoming
sample is not affected by the dilution air. The charcoal filter
should be changed every 3 months to ensure proper operation,
eliminating the problem of hydrocarbon breakthrough. It is easy
to evaluate the performance of the charcoal, by challenging the
Model 580A with hydrocarbon free air, then introducing a stand-
ard through the charcoal filter, with the inlet of the probe
plugged. If there is breakthrough, a reading other than zero
will be observed on the readout.

Another important part of the dilution probe is the 10
micron filter that is placed in the inlet of the probe assembly.
The flow through this may reduce with time, as dirt collects on
the inlet filter. This filter should be changed on a regular
basis, depending upon the operator's experience and the environ-
ment in which he is working.

It is important to real.ize that the charcoal filter is not a
totally efficient device. This does not cause a problem with the
580A, however, because the photoionization detector does not
respond to ethane or methane.

TECHNICAL CONSIDERATION

Need For Dilution - The Model 580B dilution system was
developed to increase the dynamic range of the Model 580A. As
the instrument is manufactured, it has a workable range of 0 to
2,000 ppm. Above this upper limit, the detector is found to be
non-linear. It does not absorb ethane or methane. The 580B will
"lock out" for concentrations above 2,000 ppm. To meet the
requirements of fugitive emission measurements as defined in EPA
Method 21, there is the need to make measurements above the 2,000
ppm level. To accomplish this using a detector system that is
limited by linearity, a dilution probe was developed. this probe
provides a nominal 10 to 1 dilution ratio, increasing the dynam-
ic range of the Model 580B from 2,000 to 20,000 ppm.

G. 3 CALIBRATION OF THE DILUTION PROBE

The dilution probe is not factory calibrated. It has been
tested and evaluated proper performance. It is the responsibili-
ty of the operator to properly calibrate the dilution probe.

G-l



The following is a simple procedure for this activity:

1. The performance of the 580B should have previously
seen verified and calibrated.

2. Place the 580B in close proximity to a standard with
the appropriate range. For example, if the instrument
is to be used in a 5,000 ppm sampling range, then a
standard of that concentration should be selected.

3. Connect the dilution probe making sure that the charcoal
filter and the 10 micron filter are in place to the
front of the 580B.

4. Challenge the instrument with the new standard gas and
adjust the micro metering valve until a tenth of the
reading is seen on the instrument readout.

5. As in the example of the 5,000 ppm'standard, 500 ppm
should be seen on the readout.

6. This is all that is required to calibrate the 580A
or 5808.

Hote: It is important that both zero and span of
of the 580A have been properly verified prior
to initiating this procedure. It is very
simple after using the dilution probe, to
remove it and recheck the performance of the
instrument on your low concentrator standard.

7. It should be noted that due to the environment that you
are operating in, there may be a change in the back
pressure of the charcoal filter and the 10 micron
filter. Any changes in these over a period of time will
cause a change in the split ratio of the dilution probe.
Therefore, it is important to calibrate the dilution
probe as regularly as you calibrate the 580A or 5808.

REPLACEMENT PARTS

1. Inlet Probe Assembly 580A-6016

Charcoal Filter2. 3150-0018

3. 3150-0017Inlet Filter 10 Micron
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Figure G.l
Dilution Probe Assembly
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APPENDIX I
INSTRUCTION SHEET

OPTION ~~ WATER TRAP ASSEMBLY

(Not investigated as part of the UL classified product)

INSTALLATION

The water trap assembly (16846) is to be installed on the
end of the 580 sample probe. The tygon tubing included is to be
placed on the syringe side of the filter then connected to the
probe. Refer to the drawing below.

USE

The water trap will effectively stop water from entering the
instrument. Water traps can be re-used after drying at room
temperature, but the user must be cautious of possible contamina-
tion. contaminated traps should be discarded.

W A' T f!'h 'TD

AP,,~ '" L" f~

I
TRAP ASSY.
(WATER) "

P!N16846

~

Figure 1.1
Water Trap Assembly
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APPENDIX J

Revised documents having an earlier revision level to the
ing manual documents.

exist-

B-1 Processor Circuit 580S-9002 Sht. 1

B-2 Processor circuit 5808-9002 Sht. 2

B-3 Memory Circuit 580S-9007

C-l, 2, 3 Processor Board
Bill of Materials

5808-6008

Processor Board Silkscreen 5808-6008

Memory Board
Bill of Materials

5805-6007

Memory Board Silkscreen 5805-6007



APPENDIX K

RS-232 Information Sheet
This procedure will retrieve logged data from Thermo Environmental Instruments' Model 580, and
download the data into the HyperT erminal program for Windows 95 or Windows NT.

Hardware needed:
. Model 580
. Personal computer running either WingS or WinNT with an available free serial

communication port.
. RS-232 cable supplied with the Model 580

Software needed:. HyperTerminal (supplied with Win95 and WinNT)

NOTE:
Even though this document uses HyperT erminal as the communication package, it is not
necessary to use this program. HyperTerminal was chosen because it is part of the Win9S and
WinNT software packages and is therefore readily available to users of these operating systems.
Any communication program can be used to retrieve data from the Model 580 as long as it allows
direct connections to a free communication port.

Procedure for setting up HyperTerminal for WingS and WinNT

Click on the HyperTerminal folder within the Programs/Accessories folder in the start
menu
Double Click on the icon called "HYPERTRM" or "HYPERTRM.EXE". This will execute the
program and a dialog box called Connection Description should appear. In this dialog box it
should say New Connection. In the edit box labeled Name enter Mode/580. Then click OK.
Another dialog box called Phone Number should appear. The only edit box that needs to be
changed is labeled Connect Using. From the list, selected by clicking on down arrow on the
side of the edit box, pick from the Direct to Comm choices, the communications port you are
planning to connect the Model 580 to. Then click OK.
A dialog box called Comm # Properties (# being the communications port you selected)
should appear. These are the communications settings that should be set for
communications with the Model 580.

9600
8
1
NONE

(Also called BAUD RATE)Bits per second
Data bits
Stop bits
Flow Control (Also called handshaking)

Once the above properties have been entered and set into the appropriate edit boxes, click
OK
At this point you should have the main HyperTerminal program window on the screen. On the
left side of the status bar which appears at the bottom of the screen, it should read
"connected" with a timer counting up.
From the FILE menu select SAVE. This will save the properties you just entered for later use.
The file will be named Model 580 or Model 580.ht and can be used to start HyperT erminal by
just double clicking on this file in the HyperTerminal folder.



Procedure for setting up Thermo Environmental Instruments' Model 580

To setup the Model 580 to communicate with the HyperTerminal or any other
communications program see section 2.7.4 in the Manual. The Model 580 should be set to
use PRINTER FORMATwith the baud rate set to 9600. A basic understanding of the Model
580's menu system will be helpful.

To transfer data between HyperTerminal and the Model 580

HyperTerrninal should be setup and the Model 580 should be set up and running. Before
transferring the data. HyperTerrninal or the communications program you are using should be
set to capture the text being transmitted by the model 580.

To turn on the capture text feature in HyperTerminal

1

2.

Select CAPTURE TEXT from the TRANSFER menu. A dialog box will appear asking for
a file name to which the data will be written.
Enter the directory and filename in the edit box and then click START. The capture file is
now open and ready to receive data.
Use the BROWSE button to open the appropriate file and directory into which you wish
the captured data to be saved. Using the BROWSE feature only allows you to open an
existing file and it will not let you create a new file.

3.

Connect the communication cable between the selected communication port on the computer
and the Model 580.
Once the Model 580 is setup and connected select Output Logged Data on the Model 580
and data should appear in the HyperTerminai Window. This is the logged data and even
though it may scroll off screen all the data is being captured into the above capture file
described above.
Once the data is transferred, close the capture text file. This is done in HyperTerminal by
selecting STOP from the TRANSFER/CAPTURE TEXT menu.
This capture text file can now be printed using any text editor or imported into a spread sheet
program for data analysis.



Thermo Environmental Instruments provides spare parts and
servicing from the following locations:

Thermo Environmental Instruments Inc.
8 West Forge Parkway

Franklin, Massachusetts 02038
Telephone: (508) 520-0430
Facsimile: (508) 520-1460

Thermo Environmental Instruments Inc.
325 E. Arrow Hwy. #506

San Dimas, CA 91773
Telephone: (909) 394-2373
Facsimile: (909) 394-2367

Thermo Environmental Instruments has additional service personnel
located throughout the country. Contact either service center
for more information.
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KANSAS CITY DISTRICT DATA QUALITY EVALUATION GUIDANCE 

August 18, 2003 
Revised February 22, 2006 

 
1 Introduction 
 
This guidance, when used, is meant to be used according to the directions in the project’s 
QAPP for evaluating the quality of the data and will be appended to the QAPP.  The QAPP may 
use any part or none of this guidance as necessary to meet project demands.  This is not a 
laboratory guidance and is not meant to interfere with the laboratory’s compliance with the DOD 
QSM.  It is to be used solely by data quality evaluators, reviewers, and usability assessors.  This 
guidance is meant to serve as an initial base from which to build a data quality evaluation 
program on data generated from a project.  When used, it is understood that deviations from the 
written guidance will sometimes be necessary.  It is expected that these deviations will be listed 
and the deviation(s) justified in writing. 
 
When data fails to conform to the requirements stated in the QAPP (e.g., failure to perform 
corrective actions), the data stands the risk of being rejected by the data evaluator. 
 
2 Evaluation Procedure 
     
Data quality will be determined by the evaluation of the minimum following items: 
 

• holding times 
• method detection limits 
• blanks 
• laboratory control samples 
• matrix spikes/matrix spike duplicates 
• matrix duplicates/precision 
• surrogate recoveries 
• second column confirmation 
• internal standards (optional) 

 
2.1 Holding Times 
 
1. In general, exceedence of holding times will be qualified  as shown: 

a. If no evidence samples were properly preserved for volatiles, exceedence of a 7-day 
holding time results in “R”. 

b. If samples were properly preserved for volatiles, exceedence of a 14-day holding time 
results in “R”. 

c. For semi-volatile compounds and anions, exceedence of holding time results in “R” 
qualified data. 

 
2. Deviations to the above must be justified in writing.  If comparison with historical data is 

considered, it must be considered along with other criteria, i.e., historical data comparison 
will not be the primary reason for acceptance of data (no qualifier). 

E-1 
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3. Corrective actions taken after holding time exceedence.  Corrective actions that take place 
after 11/2 times the holding time will be rejected (R).  If laboratory routinely corrects after 
holding time, data will be rejected.  Exceptions to this will be justified in writing. 

 
2.2 Method Detection Limits 
 
1. Result falling below either the MDL or the MRL will be U-qualified.  

2. Results falling between the MDL/MRL and the PQL will be J-qualified. 

3. Unless adequately addressed in the QAPP, data recorded as non-detect will be rejected if 
detection limit is above the action level (AL). 

 
2.3 Blanks 
 
1. Missing blank and no hierarchy1 blank available, the following is recommended: 

a. Low positive result of each specific analyte will be U-qualified.  Low positive result is 
defined as any positive number less than 5 times the maximum blank contamination of 
that analyte found in any blank from any other batch in the dataset.   

b. Medium positive result will be estimated (J).  Medium positive result will be any result 
between the low positive result defined above and 10 times that result. 

c. High positive result will be unqualified.  

 2.  Samples associated with contaminated blanks will be reported with the analytical result 
followed by “U” when the analytical result is less than 5 times the blank contamination for 
uncommon lab contaminants or less than 10 times the blanks contamination for common lab 
contaminants. 

 
2.4 Laboratory Control Samples 
 
1. Missing LCS.  Laboratory will be contacted for missing LCS.  Otherwise, data will be 

rejected. 

2. For specific chemicals of concern, LCS recoveries must be within criteria.  If not, a corrective 
action must bring them into criteria.  If this fails, the following qualifier assignment applies: 

a. For purge-and-trap, recoveries outside lab criteria but within 40-160% or 4σ, whichever 
results in the wider range, result in J-coding the analyte(s) in all samples in the batch.  If 
outside 40-160% or 4σ, data is R-coded. 

b. For inorganic analyses, recoveries outside lab criteria but within 60-140% or 4σ, 
whichever results in the wider range,  result in J-coding the analyte(s) in all samples in 
the batch.  If outside the 60-140% or 4σ, data is R-coded. 

c. For semivolatiles, recoveries outside lab criteria but within 60-140% or 4σ, whichever 
results in the wider range,  result in J-coding the analyte(s) in all samples in the batch.  
If outside the 60-140% or 4σ, data is R-coded. 

                                                 
1 A hierarchy blank is a blank that is used to evaluate contamination resulting from processes preceding 
and including the subject missing blank.  That is, either an equipment blank or trip blank may  be used as 
a hierarchy blank to the method blank. 
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3. Marginal exceedences2 will apply to all other chemicals.  Chemicals that fail in this category 
will be rejected.  Acceptable recovery ranges for marginal exceedences are listed in item 2 
above. 

4. When action levels (AL) have been listed, sample results that are greater than 10-fold higher 
than the AL will be unqualified regardless of the magnitude of the LCS failure.  Samples 
whose results are less than 10-fold different (high or low) will be qualified according to the 
criteria listed under Matrix Spikes/Matrix Spike Duplicates.   

 
2.5 Matrix Spikes/Matrix Spike Duplicates 
 
Paragraphs 3 through 5 evaluate whether it can be determined by the analytical result if the 
actual concentration of the analyte of concern is above or below the action level (AL).  If the 
analytical result is too close to the action level to make such a determination, the result is 
rejected as being unusable.  Paragraphs 3 through 5 allows the data evaluator to make this 
determination.  Note that these calculations are not needed if it is clear that the analytical result 
is far removed from the AL. 
 
1. All matrix spikes outside acceptance criteria will be J-coded as a minimum. 

2. Qualification will be based on the most significant failure in the MS and MSD pair. 

3. For MS recoveries <100%, the analytical result is rejected if the analytical result falls at or 
below the action level (AL)  or at or above the number calculated from 

)200(100
)200)()((

RPD
RPDALR

+
−

, or  AL ≥ sample result ≥ 
)200(100

)200)()((
RPD

RPDALR
+
−

.   

Where 

AL =  Action Level 
R = Percent Recovery 
RPD = Relative Percent Difference 
 

For example,  if MS recovery (R) of chrysene is 75%, its RPD is 20% and its AL = 10 ppb, 
then data that is equal to or greater than 6.13 ppb or equal to or less than 10 ppb is 
rejected3.  If MS recoveries are not available for any specific COC, use LCS. 

4. For MS recoveries >100%, the analytical result is rejected if the analytical result falls at or 
above the action level (AL)  or at or below the number calculated 

from
)200(100

)200)()((
RPD

RPDALR
−
+

, or AL ≤ sample results ≤
)200(100

)200)()((
RPD

RPDALR
−
+

. 

5. If the recovery of one member of the MS-MSD pair is <100% and the recovery of the other 

member is >100%, then sample result is rejected if  
)200(100

)200)()(( 1

RPD
RPDALR

+
−

≤ sample result 

                                                 
2 A marginal exceedence is defined as being beyond the LCS control limit (3 standard deviations) but 
within the exceedence limit (4 standard deviations).  The number of chemicals permitted to have MEs 
depend on the total number of chemicals in the LCS.  This number may be found in the DoD QSM,  DoD 
Appendix D, Section D2, page 180. 
3 The formula presented is calculating a concentration that is below the AL by the same amount as the 
percent MS recovery with an additional lowering considering the analytical variability (expressed as RPD).  
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RPD
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−
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 with R1 and R2 the recoveries under 100% and over 100%, 

respectively. 

 
6. Sample results not falling into the above ranges will be rejected if the MS or MSD fails and 

the LCS recovery falls outside the recoveries mentioned under Laboratory Control 
Samples,  item 2.  

 
2.6 Matrix Duplicates/Precision 
 
a. Refer to Matrix Spikes/Matrix Spike Duplicates which may be used to cover precision. 

b. All other RPDs outside acceptance criteria will be J-coded. 

 
2.7 Surrogate Recoveries 
 
1. If the surrogate is marginally out and the LCS/blanks surrogate is also out, qualify detects 

of the chemicals considered associated with the non-compliant surrogate (i.e., chemicals 
with similar RTs and similar structure as surrogate) with “J” and non-detects with “UJ”.   

2. If the surrogate is marginally out in the sample and the surrogate in the LCS or blank is in, 
this should be considered a matrix effect.  Qualify chemicals most closely associated  with 
the surrogate(s) with “J”. 

3. If the surrogate is grossly outside of 60-140% for purge-and-trap and 20-180% for 
extractable organics, whether the LCS/blanks surrogates are in or out, a corrective action 
should have been completed.  In the absence of a corrective action, qualify non-detects 
with “R” and detects with “J”. 

4. No qualification if surrogates are out due to a chromatographic problem. 

5. No qualification if surrogates are diluted out. 

6. Where multiple surrogates are present, if one or more grossly fail, the data is qualified on 
the most non-compliant surrogate. 

 
2.8 Second Column Confirmation 
 
1. What constitutes acceptable agreement between two columns will be issued by the 

laboratory. 

2. In the case of a peak appearing on primary column, but confirmation not run, the following 
will apply: 

a.  For long term monitoring where the identity of the contamination is known for 
each well, lack of confirmation will result in a “J” qualifier.  If information is critical, 
a footnote will be given that the location should be resampled;  

b. For areas that have been previously well characterized, and past chromatograms 
have shown no interferences around the chemicals of concern,  lack of 
confirmation may go unqualified.  This basically covers remedial actions; and 
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c. For areas where contamination is questionable, lack of confirmation will result in 
a rejection (R) of the data with a footnote that the sampled area requires 
reinvestigation. 

c. When confirmation was attempted, but interferences obscured the peak on the 
confirmation column, the result would be reported from the column that did not contain 
interferences and J-qualified.  Surrogate recoveries will also be reported from that column.  

d. When the RPD between the primary column peak and the secondary column peak is 
greater than 40%, the quantitation is taken from the smaller peak and J-qualified. 

 
2.9 Internal Standards 
 
1. The internal standard (IS) peak area of the CCV is the standard, acceptable peak area.  The 

IS peak area of samples should be -50% to +100% of this area.  IS areas falling outside this 
range will be qualified according to the following: 

a. For high IS areas in samples which will be greater than 2 times the standard area 
but less than 5 times the standard area should result in “UJ” for non-detects and 
“J” for detects. 

b. For IS areas greater than 5 times the standard area, a corrective action would be 
required.  In the absence of a corrective action, any result less than the AL will be 
rejected.  All other results will be J-coded. 

c. For IS areas less than 1/2 the standard area but greater than 1/5 the standard 
area, positive results will be J-coded. 

d. For IS areas less than 1/5 the standard area in either a matrix spiked sample or 
the LCS, the matrix spike or LCS recovery respectively will be used to determine 
any negative impact on the results.  For low IS areas found in other samples, the 
surrogate recoveries will be used for the evaluation.  If impacted and the sample 
result is greater than the AL, the result will be rejected.  Result also rejected if 
not-detected.  All other results will be either R or J-coded. 
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